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Abstract 
Globally, availability of water of acceptable quality is under stress and only less than 
half of the predicted demand is likely to be addressed by improvements in water 
productivity and new water supply systems. In addition, climate change is having a 
significant impact on water resources and could cause catastrophic water related 
disasters. Water security is thus becoming a major pressing issue within the 
emerging global resource crisis. However, significant inconsistencies with the 
definition of water security have halted its use in practice, impeding the formation of 
a consensus on many water related issues.  
Water Security as a concept needs to contain and highlight several features 
including economic and other related risks. This thesis investigated the dual 
(economic–physical) nature of water security and introduced Economic Water 
Availability (EWA) as a term to complement its definition. Findings indicated that 
EWA dominates water withdrawal under conditions of severe physical water scarcity. 
They also demonstrated that there is a range where strong relationships between 
water related disasters and two selected economic factors, GNI per capita and GINI 
index, exist. These selected indices, which have been commonly accepted and well 
established, are advantageous in achieving social consensus on water security 
issues as well as providing adaptation solutions. Several desirable features of water 
security indices were also proposed including consideration of catastrophic events 
which are aggravated by climate change, simplicity ensuring effective 
communication, physical and economic variability, economic considerations and 
inequality. A simplified framework for water security assessment has been 
developed by adopting all those desirable features. The proposed framework is 
practical, simple and as it is based on research trend and requirements for 
interpreting current issues, it aims to allow policy makers to communicate 
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these effectively to the general public. The findings of this study will also help many 
countries uncover critical areas in terms of water security and change their political 
priority.  
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1.  Introduction and Background 
Recently, increasing number of peer-reviewed studies on water security reflects 
growing concerns over water related risks (Bakker, 2012), linking to energy and food 
shortages (Waughray, 2011). By 2030, it is estimated that over a third of the world 
populations is likely to be under water stress. Assuming that there is no efficiency 
improvement, global water demand would increase to 6,900 billion m3, requiring 
2900 billion m3 (40%) of additional supply as shown in Figure 1.1 (Addams et al., 
2009) 
 
 
 
Figure 1.1 Aggregated global gap between existing supply and 2030 
water withdrawals (Addams et al., 2009) 
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More doom-laden view suggested as ‘perfect storm scenario (Figure 1.2)’ with the 
combination of four driving forces including water, energy, food and climate change 
(Beddington, 2009). Besides the increasing water demand, energy and food 
demands are predicted to surge by 50% each in 2030. 
 
Figure 1.2   The perfect storm scenario (Beddington, 2009) 
 
Apart from the resources scarcity, the scenario emphasised the role of climate 
change exacerbating the situation by floods, storms, droughts and extreme 
temperature. Those water disasters have been major threats to human livelihoods 
and economic growth. With regard to the impact, an analysis shows 90% of most 
fatal natural disasters over a century (1900-2006) are water-related disaster (Figure 
1.3), implying that water disasters are more risky as well as frequent. 
Energy 
Water Food 
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Figure 1.3   The 1000 most fatal natural disasters between 1900 and 2006 
(Adikari & Yoshitani, 2009) 
 
Those challenges are interwoven and urgent. Thus, they require integrated policies 
and, consequently, a comprehensive concept to encompassing them. Due to its 
comprehensive and urgent nature, water security can be an alternative to previous 
concepts. However, despite the increasing attention to the new concept, many 
applications to date have been at a qualitative and theoretical level (Mason & Calow, 
2012) and poorly integrated with the requirements in practice (Bakker, 2012).  
These problems are evident in both many industrialised countries and arid regions. 
Yet there have been relatively few attempts to find the non-physical implication 
underlying people's engagements with water (Strang, 2009). 
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A pragmatic application of water security term can be achieved to consider the 
requirements and desirable features to deal with the immediate and significant 
issues, coupled with the consideration of non-physical nature of water. 
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2. Aim and Objectives 
 
The overall aim of this thesis was to address the need for a water security 
assessment framework and its pragmatic applications, including the selection of core 
factors and measurable thresholds to assess water security.   
 
The overall aim was achieved through the following objectives (Figure 2.1): 
1) The legitimacy and demands of the term were examined by its current usages and 
trend and comparison with its related concepts. 2) The core factors related to water 
availability and withdrawal were determined by correlation analysis. 3) The essential 
factors related to water disasters were analysed to build appropriate framework of 
water security evaluation. 4) Based on these analyses, a practical framework and 
indicators for water security were developed and 5) potential of the developed 
framework were discussed. 
 
Figure 2.1   Aim and Objectives 
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3. Water Security: emerging trend and legitimacy 
3.1 Introduction 
Globally, the availability of water of an adequate quality is under stress, a 
situation exacerbated further if there is no major political change and 
considerable improvement in the water sector (OECD, 2012). Although there 
have been historical improvements in water productivity, if the construction of the 
water supply system were to continue at current rates, only 40% of the predicted 
demand could be addressed, leaving a deficit of around 60% (Figure 3.1) (2030 
Water Resources Group, 2009).  
 
Figure 3.1   Demand remaining by business-as-usual approaches 
(Addams et al., 2009) 
 
It is additionally expected that climate change will have a significant impact on 
water resources as the demand for water as a result of precipitation variances 
and transpiration increases (UN Water, 2010).   
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However this prediction based on the amount of available water falls short of 
explaining every water-related issue. In order to analyse the intensity of water-
related challenges, a number of concepts and indicators have been reported. 
Although many studies have focussed on the physical availability of fresh water 
resources (Falkenmark, 1989; OECD, 2003; Smakhtin et al., 2004; Vörösmarty et 
al., 2005; Asheesh, 2007a), economic indicators have received considerable 
attention ; Sullivan, 2002; Cullis, 2005; Heidecke, 2006b; Chaves & Alipaz, 2007). 
Several researchers have highlighted economic and social issues in addition to 
the conventional physical ones (Atilhan et al., 2010; Haasnoot et al., 2011; Sinha, 
2012) but there are still needs for a comprehensive term to contain various issues. 
As a comprehensive term, in the environmental and resource management fields, 
the term ‘Security’ resonates with many researchers. ‘Environmental security’ is 
gaining popularity, describing environmental threats as urgent and interrelated 
issues to human society (Græger, 1996; BALDWIN, 1997). This trend is followed 
by various approaches utilising the term for natural resources such as ‘Energy 
Security’ (Hughes, 2009; Kruyt et al., 2009; Mulligan, 2010; Rogers-Hayden et al., 
2011; McCollum et al., 2013), ‘Food Security’ (Reutlinger, 1986; Lobell et al., 
2008; Blakeney, 2009; Pinstrup-Andersen, 2009; Godfray et al., 2010), and 
‘Water Security’ (Wouters, 2005; Grey & Sadoff, 2007; Hope et al., 2012). 
Water security is currently attracting growing attention (Cook & Bakker, 2012) 
since a solid definition, which consists of the availability of water and the 
consideration of water-related risks, was proposed (Grey & Sadoff, 2007). It can 
be regarded as a comprehensive concept dealing with current issues: flood risk, 
water-energy-food nexus and economic considerations (Grey & Sadoff, 2007; 
Hope et al., 2012; Mason & Calow, 2012). Although its integrated definition 
embraces a wide range of water related issues, it still needs to be translated from 
an abstract term to a practical concept (Mason & Calow, 2012). 
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To begin with, being a pragmatic concept requires the identification of the 
differences of water security from other related concepts as the legitimacy of 
water security can be established based on the differences. Secondly, current 
definitions of water security should be examined whether it is appropriate to deal 
with the emerging issues of water management. Finally, the current pattern of the 
term’s use needs to be analysed to find the gap between the definition and actual 
usages.  
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3.2  Water Security and analogous concepts 
There are notable differences between the various water security related terms 
such as scarcity, stress, poverty and security (Table 3.1) and it is important to 
understand them in order to verify the suitability of water security in analysing 
current water environment and management. The most evident difference is that 
security is related to a wide range of threats while scarcity and poverty are limited 
to a type of threat - shortage. If other threats are needed to be taken into account 
(i.e. flood and economic threats) in addition to shortage, security would be an 
appropriate alternative term to scarcity. One other difference is in the usage of 
the terms. The definitions distinguish ‘stress’ as ‘a distorting force’ from scarcity 
as ‘a condition of shortage’. This implies that ‘stress’ can be generally used for an 
object such as a machine, people and vegetation while ‘scarcity’ can be 
employed for a resources, region and country. ‘Poverty’ is a similar concept to 
‘scarcity’ in terms of the fact that both of them imply the state of being insufficient 
in amount. However, it has the possibility of misleading users as it, in general, 
represents only the economic concept.   
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Table 3.1  Definitions of fundamental terms 
Terms Definitions 
Stress 
The magnitude of a distorting force, expressed as force per 
unit area of the surface on which it is applied. (Kent, 2007) 
Scarcity 
A situation in which something is not easy to find or get 
(Walter, 2008) 
A shortage or lack of something (such as a particular natural 
resource), so that supply is insufficient to meet demand  (Park, 
2007) 
Poverty 
The state of being inferior in quality or insufficient in amount 
(Stevenson, 2012) 
The state of one who lacks a usual or socially acceptable 
amount of money or material possessions (Britannica, 2002) 
Security 
The state of being free from danger or threat (Simpson & 
Weiner, 1989) 
A state representative declares an emergency condition, thus 
claiming a right to use whatever means are necessary to block 
a threatening development  (Wæver, 1993) 
 
 
With water security, the definitions of Water Scarcity, Water Stress and Water 
Poverty have been widely discussed in the literature, but no clear consensus has 
emerged (Rijsberman, 2006; Steduto et al., 2012). Table 3.2 shows the definitions of 
these terms as these were found in many literature. One of the main reasons for the 
intensification of the confusion lies in the ambiguous nature of ‘Water Stress’. It was 
utilised as a state which is less severe (Falkenmark, 1989) or transient (EEA, 1999) 
in water management researches, while, in plant studies, it stands for the state 
where plants experience either limited water supply or intense transpiration (Lisar et 
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al., 2012). This creates difficulties to achieve a consensus because it has not been in 
general use for defining a lack of resources. 
 
Similarly, different conflicting definitions of water scarcity have been developed. For 
instance, UNESCO defines water scarcity as a relative concept that can occur at any 
level of supply or demand (UNESCO, 2012), which is in contrast with Falkenmark’s 
definition which determines a fixed level of water scarcity (Falkenmark, 1990). EEA 
(2008) recognises it as a long-term water imbalance while Steduto et al (2012) 
suggests a physical definition – an excess of water demand over available supply. 
 
However, there is a notion that can be shared by all the definitions in broad outline: 
severe and long term insufficiency of water resources. An implication in this notion is 
that water scarcity is likely to be coupled with poverty. Economic power can alleviate 
water scarcity through investments in recycling and desalination facilities even under 
the condition without fresh water resources, leading to less severe and short term 
insufficiency of water. This relationship between water scarcity and economic power 
was found in several definitions such as ‘Economic water scarcity (Seckler et al., 
2000)’ and ‘Water poverty (Salameh, 2000; Feitelson & Chenoweth, 2002; C.A. 
Sullivan et al., 2003)’. ‘Economic Water Scarcity’ is caused by a lack of investment in 
water or human capacity to meet water demand (Molden et al., 2007a). It focuses on 
the economic impact while ‘Water Poverty’ emphasises the socio-economic side of 
view. Economic water scarcity is a status characterised by the presence of sufficient 
potential water resources, but with the need to embark on massive water 
development programmes to utilise them (Seckler et al., 2000). Whereas this 
definition provides a broader perspective to analyse water scarcity, it still comes with 
drawbacks. Firstly, this definition should be regarded as an encompassing concept 
of social, economic and institutional scarcity rather than a limited economic concept 
(Mason & Calow, 2012). Secondly, it is difficult to discern the areas under absolute 
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scarcity status (both physical and economic scarcity) from economically scarce area. 
Another definition–‘Water poverty’– also incorporated economic concept (Feitelson & 
Chenoweth, 2002). Although the concept has advantage of comprehensiveness, it is 
criticised for its complexity and lack of intuitive understanding (Rijsberman, 2006). 
Despite their shortcomings, these cases still show that economic factors have been 
considered as inevitable elements in association with physical factors.  
 
In this regard, ‘water security’ can be an alternative because it can encompass the 
meaning of physical and economic threat to water. Economic consideration has been 
reflected in several definitions of water security as affordable cost (Global Water 
Partnership, 2000; Pachova et al., 2008), the assured freedom from poverty 
(Wouters, 2005) and  an acceptable level of water-related risks to economies (Grey 
& Sadoff, 2007). 
In addition, the meaning can be extended to the other type of risk such as flood and 
threats from energy and food, which is one of the most important traits of the term 
because these resources have been increasingly linked with each other and their 
shortages and price changes can have an immediate impact on the other resources 
(Dobbs et al., 2011). 
As shown in Table 3.2, preventing risks and meeting needs form the backbone of the 
definition of water security. A widely accepted definition(Grey & Sadoff, 2007) 
considers availability in quantity and quality and water related risks in relation to 
human, environments and economies while a simple definition (Hope et al., 2012) is 
focusing on its risks. Besides the risks and needs, Mason & Calow (2012) include 
capacity concept to access and use water and Pachova et al.(2008) considers the 
relationship with food and energy.
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Table 3.2   Definitions of water relevant concepts 
 Water Stress Water Scarcity Water Poverty Water Security 
  
Physical 
 The population pressure ranges 
from 600 to 1000 persons per 
million cubic meters (1000-1700 
㎥ per capita per year)  of water 
per year (Falkenmark, 1990) 
 
 
 
 
 A function of the availability of 
water resources, a physical 
concept  (UNESCO, 2012) 
 A measure of the degree of 
pressure put on water resources 
(including its quantity and 
ecosystems) by the users of 
these resources, including 
municipalities, industries, power 
plants and agricultural users) 
(Alcamo & Henrichs, 2002) 
 The population pressure ranges over 
1000 persons per million cubic 
meters (less than 1000 ㎥ per capita 
per year ) of water per year 
(Falkenmark, 1990) 
 When the amount of fresh water is less 
than one thousand cubic meters per 
capita. (Kantola, 1999) 
 An excess of water demand over 
available supply (Steduto et al., 2012) 
• A function of the access and availability 
of water resources, a relative 
concept, and can occur at any level 
of supply or demand (UNESCO, 
2012) 
 
 
 
 The amount of available 
renewable water to the 
amount required to cover food 
production and the household 
uses of one person in one 
year under the prevailing 
climate conditions (Salameh, 
2000) 
Conceptual 
 
/ Integrated 
 An overarching goal where every 
person has access to enough safe 
water at affordable cost to lead a 
clean, healthy and productive life, 
while ensuring that the environment is 
protected and enhanced (Global 
Water Partnership, 2000) 
 
 The state of having secure water; the 
assured freedom from poverty of, or 
want for, water for life (Wouters, 
2005) 
 
 
 The availability of an acceptable 
quantity and quality of water for 
health, livelihoods, ecosystems and 
production, coupled with an 
acceptable level of water-related risks 
to people, environments and 
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Economic 
  Sufficient potential water resources but 
needs to embark on massive water 
development programmes to actually 
utilize these resources.  (Seckler et al., 
2000) 
 A situation where a nation or 
region cannot afford the cost 
of sustainable clean water to 
all people at all times 
(Feitelson & Chenoweth, 
2002) 
economies (Grey & Sadoff, 2007) 
 
 Adequate protection from water-
related disasters and diseases and 
access to sufficient quantity and 
quality of water, at affordable cost, to 
meet the basic food, energy and other 
needs essential for leading a healthy 
and productive life without 
compromising the sustainability of 
vital ecosystems (Pachova et al., 
2008) 
 
 Tolerable water-related risk to society  
(Hope et al., 2012) 
 
Temporal 
Water stress occurs when the 
demand for water exceeds the 
available amount during a 
certain period or when poor 
quality restricts its use. Water 
stress causes deterioration of 
fresh water resources in terms of 
quantity and quality  (EEA, 1999) 
 Water scarcity occurs where there are 
insufficient water resources to satisfy 
long-term average requirements. Long-
term water imbalances, combining low 
water availability with a level of water 
demand exceeding the supply capacity 
of the natural system. (EEA, 2008) 
 When a large number of people in an 
area are water insecure for a significant 
period of time (Rijsberman, 2006) 
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One of the differences of water security from other concepts is the inherent 
comprehensiveness, which includes the productive and destructive nature of water. 
This nature reveals itself in two important types of risk – drought and flood – which 
have distinct differences in their objective and nexus (Table 3.3). On the premise that 
the ultimate objective lies in the security of human beings (Mason & Calow, 2012), 
drought control should target human security based on secured water availability, 
whereas flood control aims to protect human society from flood risk. 
Table 3.3   Comparison of drought and flood risk in the definition of 
water security 
 Drought Flood 
Security Target 
 Human security based on 
secured water availability 
 Human security based on 
controlled flood risk 
Nexus 
Physical 
 Climate change 
 Hydraulic power production 
 Food production 
 Climate change 
 Food production 
Economic 
 Energy price 
 Food price 
 Food price 
 
Although current use of water security is largely based on the role of water as a 
resource, flooding shares the same impact factor – climate change – with drought, as 
well as the same consequences in food production and food price in terms of the 
nexus. Thus, this demanding task – to integrate the destructive nature of water into 
its productive nature – becomes legitimate as it enables us to interpret the impact of 
climate change and the water-energy-food nexus properly. 
Drought has a closer relationship with energy resources especially with its price 
because water scarce areas require energy intensive facilities such as desalination. 
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With the drought concept, water security can share the same definition with energy 
security and food security as a resource. Given the closer nexus between water, 
energy and food in analysing drought, it is worth investigating the economic nexus of 
the three resources. Such economic consequences can be found in many cases. For 
example, Uganda’s water shortage impact on hydraulic power production resulted in 
escalating energy prices and increasing demand for the more expensive electricity 
such as thermal power (Kafeero, 2007). These economic consequences have been 
relatively ignored in the discussion of water security but they are specifically 
significant in the context of the water-energy-food nexus.  
 
There are three different dimensions to interpret the nature of water: physical and 
economic facets, water-energy-food nexus and constructive and destructive aspects. 
These dimensions require more comprehensive concept for water resource and 
related risks management. Water security, which encompasses above aspects, can 
be an alternative, allowing us to cope with growing complexity of water related issues. 
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3.3  The Emerging Trend of Water Security  
A quantitative review of literature over the last decade was undertaken in order to 
identify trends of water security and previous common terms: water scarcity, water 
stress and water poverty. The objectives of this review lies in verifying the increasing 
trend of water security term and its specific usages in the literature. 
The Web of Science returned the number of publications containing each term as a 
key word in the water resources research area as shown in Figure 3.2. The most 
recent trend from 2010 indicates that water security is moving forward to the leading 
concept because the other terms remain steady or even decrease in 2013. If the 
trend in the last three years is continued, water security is set to be one of the 
highest ranking topics in water management. 
 
 
Figure 3.2 Publication trends of water security and the previous 
concepts (2004-2013) 
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The publications employing the term water security as a key word have dramatically 
increased over the last 3 years compared with other relevant concepts: ‘water 
scarcity’, ‘water stress’ and ‘water poverty’. Water scarcity is still the most frequently 
used word among those terms although water stress and water poverty have been 
suggested as supplements or alternatives to it (Falkenmark, 1989; J.T. Winpenny, 
1997; Feitelson & Chenoweth, 2002; Steduto et al., 2012). Although it has largely 
showed a steady growth since 2004, it remained at around 230 publications per year 
after 2010. Water stress is generally employed in explaining water shortage of 
vegetation which is irrelevant to water scarcity and water security in water 
management.  For this reason, the displayed numbers of publications of water stress 
are calculated from the areas outside vegetation-related realms: agriculture, forestry 
and plant sciences. 
 
These increases are not unique trends in water management. More general terms 
such as water resources and water management show a similar increase during the 
same period, which means there is the general increase of water management 
related papers (Figure 3.3). In the case of water resources, it shows 4.8% of annual 
growth rate which is significantly higher than the average annual growth rate of 
scientific and scholarly journal articles (3%) (Ware & Mabe, 2012).  
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Figure 3.3 Publication trends of water resources and management 
(2004-2013) 
 
Between 1999 and 2013, 1031 publications archived in the Web of Science 
database used water security as a key word. In order to identify the most common 
words in the publications, all the titles and 839 available abstracts were processed 
and the frequencies of key words in those abstracts are showed in Table 3.4.  The 
most frequent two word expression, outside “water security”, is “water resources” 
(636 counts). This indicates that the majority of studies have been concentrating on 
its role as a resource rather than a risk related to its destructive characteristics 
causing flood. Although “climate change” places itself on the third among all the two-
word expressions with 365 counts, its usages largely remain in the boundary of 
resources concept. The next important issue of water security is “drinking water” 
(280 counts) and “water quality” (199) followed by food-related expressions: food 
security (187) and virtual water (181).  
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Flood has been a marginal term in water security research; it is not included in the 
most frequent key words. Its usage as a key word is very limited, implying the nature 
of water as a resource is widely accepted rather than its destructive nature. 
Table 3.4  The top 10 most frequent one-word and two-word 
expressions in water security related publication (accessed 11/12/2014) 
         Words               counts                   Words                counts 
Water security 1062 Water 6651 
Water resource(s) 636 Security 1631 
Climate change 365 System(s) 806 
Water supply 300 Management 723 
Drinking water 280 Resource(s) 680 
Water quality 199 Climate 575 
Food security 187 Food 571 
Virtual water 181 Development 556 
Water management 165 Change 538 
Water scarcity 152 Paper 447 
 
The collocations between words were examined by phrase net diagram (Figure 3.4). 
In the discourses of water security, food (and land) has as strong relationship with 
water as sanitation, whilst the combination of energy and water is relatively scarce. 
Sustainability issues have seen the integration of three terms – economic, 
environmental and social – based on its triple bottom line (Elkington, 1998), allowing 
them to be a valuable framework in analysing water related issues.  
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Figure 3.4 Phrase net diagram illustrating the frequency in use of words connected by ‘and’ 
* The size of word represents the number of occurrences and the thickness of the arrow refers the frequency of links between two 
words
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Table 3.5 shows the objectives of the use of the term water security in the 50 most 
cited publications which contain water security in their titles. The objectives were 
derived by analysing their abstracts, objectives of the publications and the used 
definitions of water security in the literature. Mostly, their interests centred on water 
security for people and the control of water related risks caused by water scarcity 
and drought. A considerable number of studies regarded water security as a part of 
national security which secures water supply facilities from the risks of terror, attack 
and natural disaster. Water security also has significantly used in explaining water-
energy-food nexus. 
Table  3.5  The objectives of the use of water security term 
 
Objectives No. of publications 
Securing water for 
People 38 
43 
Environment 24 
Economy 20 
Nation/facilities 7 
Controlling Risks 
from 
Increasing demand 7 
46 
Scarcity or drought 38 
Flood & storm 14 
Pollution/quality 12 
Attack/terror/natural disaster 7 
Managing nexus with 
Food 16 
16 
Energy 9 
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3.4 Water-energy-food Nexus and Water Security  
 
For water security, the changes to the water environment caused by climate change 
are the greatest threat rather than water price. Consequently, radical changes in 
water environment and increase of extreme weather event should be the hub of the 
water security discourse. 
However, in interpreting security issues, it is also important to determine the crucial 
impact factors on the other resources. For the energy and food security, the price in 
the economic field has a significant impact on the water-energy-food nexus. This 
impact has global consequences as it varies according to their international trading 
prices. The variance in energy and food price put a significant financial burden on the 
economically vulnerable regions.  
 
There have been notable increases in the number of publications using food, energy 
and water security as key words between the years 1994 and 2013  (Figure 3.5). 
During the last two decades, ‘Security’ has been increasingly used in water, energy 
and food research fields. Notably, food security and energy security shows sharp 
increases after 2006 although energy security seem to reached its highest point in 
2011. The use of ‘water security’ had risen steadily to 2008 and leveled off by 2010, 
followed by a steep rise for the last three years. Food security has been an 
established term, while water and energy security only recently have been gaining 
increased attentions. 
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Figure 3.5 Number of publications containing food, energy and water 
security 
Water security links together with food and energy (WEF, 2011). Current research 
trends indicate that ‘food’ has been a closely related term to water security and 
‘energy’ has increasingly used to explain water-energy nexus in many water security 
studies (Figure 3.6). For the past five years, the integrated studies on water-energy-
food nexus account for 7.5% of the total publications, whereas the publications 
dealing with only water security have significantly shrunk to 59%. While the number 
of publications including water and food at the same time has notably risen from 1 to 
44, use of energy as a key word has shown a dramatic increase from 3 to 84. 
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Figure 3.6 Relative shares of publications containing water security and 
related resources as key words 
In this regards, a comprehensive report (Dobbs et al., 2011) on resources explains 
this trend among resources as the tighter correlation being seen among commodities: 
energy, metals, agricultural raw materials, and food (Figure 3.7). 
   
Figure 3.7  Annual Standard deviation of MGI Commodity Price Index 
and key drivers (Dobbs et al., 2011) 
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The close relationship between food and energy is well recognised, reflecting the 
significant role of energy on food production process including transport and storage 
(Bazilian et al., 2011). Energy consists of a maximum of 30 percent of the cost of 
crop production (Schnepf, 2004), whereas agriculture accounts for less than 2 
percent of energy demand (Dobbs et al., 2011). This implies that the price of energy 
plays an important role in the agricultural sector, while the agricultural energy 
demands have a limited impact on energy sector. The trade policy of crops also 
matters in the context of food and energy. For an instance, many countries 
witnessed the impacts of energy and food policies on global food price between 
2007 and 2008 (Headey, 2011) (Figure 3.8). 
 
Figure 3.8 The effects of export restrictions on rice prices (Headey, 2011) 
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For the last eight years, food price has shown close relationship with crude oil price 
as well as biodiesel price (Figure 3.9). The volatility in energy pricing has a 
significant impact on food security in economically vulnerable areas as they lack 
economic power to compete for the limited resources.  
 
Figure 3.9 The relationship between food price and energy price 
(Source: U.S. Department of Energy, FAO, U.S. Department of Agriculture) 
 
The price of water reflects regional differences on water resources and its supply 
systems. Thus, the impact of increasing water price in a region is not likely to start a 
chain reaction in the increase of water prices in other regions. Rather than water 
prices, the interests of each country seems to lie in the amount of water resource 
and its variability. Given that up to 70 percent of water withdrawals can be attributed 
to agriculture (Dobbs et al., 2011), food security is directly related to water-related 
weather events.  
The increasing number of extreme events has been witnessed including floods, 
droughts, earthquakes, storms; many of them are closely linked to water. For 
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example, in Northen Europe, the Ukraine and the Russian Federation, weather 
conditions significantly affected yield potential and drought lasting for six years in 
Australia reduced its rice production by 98 % (Mittal, 2009). Also a 2.2 million tonnes 
of shortfall in rice production was caused by the 1998 flood in Bagladesh (Ninno & 
Dorosh, 2001). In turn, in terms of water-energy-food nexus, it is important to track 
how water related risks cause chain reactions to food and energy prices. 
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3.5 Discussion  
‘Water security’ is a wider concept than the other concepts focusing on the 
lack of water: water stress, water scarcity and water poverty. This is the 
reason that ‘water security’ can be a robust concept in explaining economic 
nature of water, flood risk and the water-energy-food nexus. 
Although there have been many efforts to consider the economic aspects of 
water scarcity (Salameh, 2000; Seckler et al., 2000), they have not been 
widely recognised in the water management field. The term, water security, 
can be an alternative to previous economic considerations. Economic power 
plays an important role especially where severe water scarcity exists but 
sufficient economic funding can be provided. For example, it can alleviate the 
impacts of water scarcity by applying capital-intensive water technologies 
such as desalination. 
Water security has gradually replaced water scarcity and water stress in the 
most recent studies. It, however, is likely to face an impasse in widening its 
application to practicable use as it influences human society on a regional 
basis depending on watershed and climate, rather than a global scale 
containing the possibility of chain reactions. This regional nature impedes 
consensus considering water security as a global issue and, consequently, 
gaining less popularity in research than food and energy. Even in a basin, 
countries, sharing a single source of water, can define water security 
differently according to their climatic, geographical and industrial 
circumstances. This nature gives us flexibility but, at the same time, is 
criticised for leading us into obscurity or a logical Cul-de-sac in practice 
(Mekonnen, 2010), requiring a demanding process to reach a consensus on 
the topic, especially where there is a significant competition for water resource.  
To tackle this obscurity problem, the ‘Integrated water security plan’, in which 
all the stakeholders participate to achieve a consensus on several crucial 
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subjects, was suggested: 1) defining the water security for the specific region 
and setting the priority of water security issues in the decision making process, 
2) establishing the level of water security based on an agreed set of water 
security indicators and 3) estimating the impacts of water related risks and 
demands for each stakeholder. 
In the first step, the widely accepted definition(Grey & Sadoff, 2007) and its 
elements should be carefully examined and prioritised in order to be 
practically adopted. For example, water demands for human health and 
livelihood can be prioritised over other elements and an amount of water 
required for a person in a day can be established for a water security limit. 
Flood risk also might have a higher priority and can be agreed with the level of 
specific frequency of flood. In the discussion process, some elements such as 
the water-energy-food nexus can be added. This prioritisation is followed by 
the indicators setting and estimation of each stakeholder’s risks, which allows 
them to manage their shared water resource impartially. 
There has been a shift of water conflicts from state-to-state toward 
subnational and local. This is partially due to increasing local reporting, but 
part of this attributes to the improved diplomatic and political tools, which 
lacks at the local level in countries with poor political institutions (Gleick & 
Heberger, 2014a). For a water security issue within a country, it is important 
to set the priority of water security compared to other urgent issues because 
the term itself implies urgent and critical nature. Securitisation, in the context 
of resources management, has been regarded as breaking the rules of the 
normal political decision-making, positioning issues beyond public debate or 
normal politics (Schmitt, 1985; Buzan et al., 1998; Williams, 2003). Therefore, 
a good starting point to the discourse on water security is basic and urgent 
needs of water: minimum requirements for human health and living, 
agricultural demands for minimum food supply. Agricultural and drinking water 
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is a cause of interstate conflicts (Klare, 2001). More conflicts are likely to 
occur between countries sharing river basins than borders (Toset et al., 2000; 
Gleditsch et al., 2006). There have been various reasons for conflicts over 
water between different sectors and livelihood groups put forward (UNEP, 
2012). The evidence shows that water has been closely related to the security 
of nations: a military, or terrorism, tool and target; development dispute;  or 
political tool (Gleick & Heberger, 2014b). Therefore, water security can be 
accepted as an urgent and catastrophic issue depending on, at least, regional 
circumstances. Moreover, water seems primus inter pares among the nexus 
of water, energy and food (Beck & Walker, 2013). Given its relation to food 
and energy, it seems eligible to employ the term “security” for these cases. If 
food security and energy security have been established terms, water security 
should also be one of them. 
  
 52 
 
 
3.6  Conclusion 
In order to cope with the water-related challenges, many concepts and definitions 
have been developed in explaining water scarcity, stress and poverty. However, the 
complex nature of water requires a comprehensive concept dealing with emerging 
problems. Water security is an appropriate alternative to those previous terms 
because its definition can encompass all the emerging problems.  Climate change is 
expected to have significant impacts on the water environment and will become the 
greatest threat. Increasing incidence of extreme weather events such as flooding 
and drought should be the centre of the water security discourse.  As the nature of 
the term ‘security’ includes urgency, water security seems to be a suitable term in 
explaining the risks related to climate change. 
 
These two natures, comprehensive and urgent, of water security are distinctive in 
the previous water related concepts such as water scarcity, water stress and water 
poverty. Although a widely quoted definition of water security encompasses these 
natures, there has been an obvious gap between the definition and actual usages. 
For example, flood has been a marginal term in a number of water security related 
studies. 
 
Water security can be a robust concept when it involves water-energy-food nexus as 
a considerable factor, allowing water, energy and food security to share an identical 
target for national security. In the context of the water-energy-food nexus, economic 
considerations are crucial because the resources are increasingly contested in terms 
of economic trade-off and competition. One of the reasons is the fact that the major 
risks in water-energy-food management are generated by the variance of energy 
and food price. There has been notable trend to focus on the physical risks in water 
 53 
 
security. Water security, however, should focus more on the economic impacts from 
the energy and food price and physical impacts from extreme weather events.  
 54 
 
4. Water withdrawal: Physical and economic analysis 
4.1 Introduction 
Early studies on water management focused on predicting and analysing the 
physical availability or shortage of freshwater resources, and often used the term 
‘water stress’ or ‘water scarcity’ (Falkenmark, 1989; Falkenmark, 1990; OECD, 2003; 
Arnell, 2004; Alcamo et al., 2007) and also ‘water resources vulnerability indicator’ 
(Arnell et al., 2011), with consideration of agricultural, domestic and industrial sectors 
(Vorosmarty et al., 2000). One of the shortcomings of those studies, however, was 
the fact that they focused mainly on water supply and failed to extend their 
boundaries to include the supply-chain demand. 
 
In an attempt to enhance demand management and improve water efficiency across 
commodity supply-chains, the concepts of water footprint (Hoekstra, 2002) and 
virtual water (Allan, 1996) were introduced. In the business field, value chain impact 
is highlighted, a term used when companies have failed to consider water-related 
risks in their far upstream value chains (Morrison et al., 2009). 
 
The economic nature of water has received considerable attention due to its direct 
impact on decision making regarding water supply and consumption. For example, 
an international study on water scarcity argued that around 348 million people face 
severe economic water scarcity, indicating that the economic nature of water is an 
important factor in explaining water scarcity (Seckler et al., 1999). In addition, the 
Dublin Principles (ICWE, 1992), agreed by some 500 experts and representatives 
from 100 countries, include a principle highlighting that “water has an economic 
value in all its competing uses and should be recognized as an economic good”. In 
accordance with this principle, several studies have included economic factors to 
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better account for the dual nature of water, physical and economic alike (Lawrence 
et al., 2002; Sullivan, 2002; Cullis, 2005; Heidecke, 2006b; Chaves & Alipaz, 2007). 
These attempts have been confronted by important implications in their efforts to 
develop a sustainable water management system, and as of yet there is no common 
agreement for a framework showing how to deliver such a system (2030 Water 
Resources Group, 2009). Moreover, there is a growing need for a comprehensive 
concept which can embrace several important factors such as access, climate 
change and flood risks related to broader infrastructure network when addressing 
emerging and current water challenges (Brown, 2011; Voulvoulis, 2012; 
Emanuelsson et al., 2013). In terms of water-related risks, there have also been 
growing concerns over anthropogenic emissions (Chon et al., 2010), as well as 
efforts to develop management tools incorporating the precautionary approach to the 
prevention or reduction of such environmental risks (Martin & Voulvoulis, 2009). 
 
As a result, ‘Water security’ has gained considerable attention and has been 
increasingly used as a term that encapsulates the complex and interconnected 
challenges of current and future water issues, associated with water scarcity and 
other climate change related impacts. Several concepts have been successfully 
developed, providing a definition that includes not only the availability of water for 
meeting human and ecosystem needs, but also the consideration of water-related 
risks, such as floods and other risks caused by climate change (Grey & Sadoff, 
2007).  
 
Many salient aspects of water were condensed into the following widely accepted 
definition of water security (Grey & Sadoff, 2007): 
The availability of an acceptable quantity and quality of water for health, 
livelihoods, ecosystems and production, coupled with an acceptable level of 
water-related risks to people, environments and economics. 
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This definition is divided into two main parts: availability of water and water-related 
risks. It can be seen that the latter recognises water-related risks in the field of 
economics, but the former omits the economic nature of water availability, failing to 
display clear recognition of the impact of economy on water availability. A related 
study placed emphasis on a special facet of water security - access to water – in 
defining water security (Wouters et al., 2008) but still regarded it as an indirect 
concept explaining the economic nature of water.  
 
As a natural evolution of such previous attempts, there is a clear need to embody 
water security in a pragmatic concept, with all the essential qualities of water security 
considered. The associated emergence of an economic compartment of such 
definition is clear and seems to be rational for two reasons.  Firstly, if there are 
sufficient financial resources, water availability becomes unlimited due to economic 
resources delivering new water sources such as recycled wastewater or desalinated 
seawater. This shows the potential of economic security to address conditions of 
physical water scarcity. This is evident in many water supply systems in the Middle 
East with the frequent use of desalination plants.  Secondly, if an area is provided 
with a public water supply system, there is an opportunity to treat water as a 
commodity which has a price or a cost, so that water security can be delivered and 
managed from an economic point of view in addition to the physical one, based on 
the limits of natural resources. The case for such an approach to water resources 
management, one that treats water as an economic good or service, has been made 
in the past (The World Bank, 1994); however, only a few countries conceptualized it 
seriously (Briscoe et al., 1998). 
 
This thesis therefore examined the physical and economic nature of water 
withdrawal in order to demonstrate the dual (economic–physical) nature of water 
security. It further examined the physical and economic nature of water scarcity in 
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different countries by taking into account the availability of both economic (Gross 
National Income per person) and water (Physical Water Availability per capita) 
resources. 
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4.2 Physical and economic nature of water withdrawal 
There are several types of water use associated with varying degrees of need for 
water withdrawal (Figure 4.1). Their physical and economic nature is not only directly 
related to the actual water withdrawal but they also interact with each other. For 
example, the type of physical freshwater resources available and their accessibility is 
a crucial factor to the cost of water supply, whereas willingness to pay for the water 
accessibility is an important driver for its supply (Serageldin, 1994; Rogerson, 1996). 
 
 
 
Figure 4.1 Conceptual diagram of dual (economic-physical) nature of 
water withdrawal 
 
There is also clear confusion in much of the literature about the terms ‘water 
withdrawal’, ‘water use’ and ‘water consumption’ (Gleick, 2003), with several 
attempts made to define them. ‘Water withdrawal’ is synonymous with ‘off-stream 
use of water’ and excludes in-stream water use (Kohli et al., 2010). In-stream water 
refers to the “water that is used, but not withdrawn, from a surface-water source for 
such purposes as hydroelectric-power generation, navigation etc.” (Kenny et al., 
2009).  This study employs the conventional boundary of water sector (i.e. municipal, 
industrial and agricultural use of water) and those in-situ usages are excluded 
 59 
 
because they are within the scope of other sectors such as energy and transport 
rather than the water sector. Water withdrawal involves both non-consumptive and 
consumptive use. Consumptive water use refers to “a substantial reduction in the 
quantity or quality of the water that returns to the system after being withdrawn” while 
in the non-consumptive water use, almost all of the water withdrawn returns to the 
same basin, as in the case of cooling water (Kohli et al., 2010). Both types are linked 
to the economic nature of water, showing they are regarded as a commodity.  
 
Two different economic indicators, income and tariff, have been employed in 
analysing water scarcity (Lawrence et al., 2002; OECD, 2003; Cullis & Görgens, 
2005) and WTP is also related to the economic dimension (Figure 4.1).  In 
determining this, there are many variables such as income, the cost of obtaining 
water from existing sources, education of household members and perception of the 
quality of water among others (Whittington et al., 1990; Whittington et al., 1991; 
WBWDRT, 1993; Altaf, 1994; Ifabiyi, 2011). Among these variables, income is often 
regarded as the dominant factor (Ifabiyi, 2011). 
 
Tariff is also often seen as a critical factor because the price of water restricts its use 
(Pearce, 1995; Kessler, 1997; Meinzen-Dick & Rosegrant, 1997; Winpenny, 1997) 
and has a more direct impact on users’ behaviour. Similarly, if the analysis aims to 
help government decision making at the country level, the costs of water supply can 
be also useful to us as they reflect the real cost including subsidies often 
incorporated in tariffs. 
Physical resources involve three different groups, classified by type (fresh water, sea 
water and wastewater) and access (with or without the public supply system). Within 
these groups, fresh water and seawater/wastewater treated for potable use incur 
 60 
 
costs and therefore are related to economic factors. In particular, seawater and 
wastewater recycling resources reside outside the physical concept because they 
are physically unlimited. These resources, however, are limited by economic 
affordability. Conversely, the withdrawal of water outside the water supply system 
does not have a significant relationship with economic status: it depends on physical 
resources. 
The characteristics of water withdrawals according to their resources are displayed 
in Figure 4.2. Physical resources for the withdrawal outside public water supply 
system, such as ground water provided by a private well or surface water which is 
directly accessible, do not require significant costs to provide access. For physical-
economic resources, a variety of water supply options can be employed to treat and 
distribute groundwater and surface water. As all the options require access to water, 
both economic affordability and physical water availability play an important role in 
using these resources. Seawater desalination, however, is an option which is 
independent of physical availability, dependent only on economic affordability. 
Therefore, it can be regarded as a water supply option using economic water 
resources. Wastewater recycling in practice demands physical water resources 
because it is limited by the amount of wastewater and water losses involved in the 
water supply and wastewater treatment system. However the concept is different in 
character from freshwater withdrawal and similar to saline water resource in terms of 
its high requirement of water quality improvement (costs), hence such resource can 
be classified as an economic resource. 
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Figure 4.2 The categorisation of water resources 
 
 
In instances where natural water resources are available without the need for 
treatment facilities, water supply often does not come with a price, as accumulated 
costs for such supply do not exist and access is free. When water supply options rely 
on resources that require some treatment and therefore spending, the reliance is on 
physical-economic resources. The availability of physical resources and the need for 
treatment and associated costs determine the shift in reliance from physical to 
economic resources, which generally have a higher cost than other options. These 
are simplified as three different slopes in Figure 4.2. The use of cheap physical 
resources is given priority among those resources but actual charts can vary 
depending on usage and quality of water. 
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Water withdrawal under physical water scarcity is positively correlated with 
affordability (Figure 4.3). Where there is severe physical water scarcity, physical 
resources and physical-economic resources are negligible and water availability is 
largely dependent on affordability of economic resources. By contrast, if economic 
affordability is very low, physical-economic resources and economic resources can 
be disregarded and water withdrawal is mainly dependent on physical water 
resources. 
 
 
 
Figure 4.3 Water availability under physical water scarcity 
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It is, therefore, possible that there is a sliding scale that will show a close relationship 
between water withdrawal and economic resources (if physical resources are 
negligible) or its physical water resources (if economic resources are negligible). To 
verify this assumption, water withdrawal in different countries can be examined in 
order to understand the physical and economic nature of water scarcity.   
 
  
 64 
 
4.3 Physical-economic water availability analysis 
Available water per capita has been widely used in many studies to measure water 
scarcity (Falkenmark, 1989; Ohlsson, 2000; Chaves & Alipaz, 2007). It is reasonable 
to use renewable water resources per capita as a measure of the physical water 
availability. However, with regard to the impact on the actual water use, this should 
be utilised in the context of economic water availability. The ratio of total income to 
tariff per unit volume of water forms the same unit of availability as physical water 
availability (m3/capita/yr), allowing intuitive comparison in analyzing physical and 
economic availability.  
 
To understand the physical and economic nature of water, their impact on water 
withdrawal is examined. This was achieved by using the ‘EWA (Economic Water 
Availability)’ which represents the ratio of the Gross National Income (GNI) per 
person to water tariff per cubic metre (the amount of water that can be purchased by 
a person), for assessing the economic impact on water use, and the ‘Physical Water 
Availability (PWA)’ which represents the total renewable water resources per capita, 
for assessing the physical impact on water use.  
 
EWA (m3) = GNI per person($) / water tariff($/m3) 
PWA (m3) =  Total renewable water resources (m3) / population 
 
20 countries were estimated to have the highest water withdrawals per capita out of 
the 82 countries for which data are available, based on (a) the ‘total annual water 
withdrawals (The World Bank, 2013)’, (b) ‘population (The World Bank, 2013)’, 
(c) total renewable water resources per capita (FAO, 2013, (d) Gross National 
Income per capita (The World Bank, 2013) and (e) water tariff (OECD, 2009) (Table 
4.1). What is not clear is whether the water withdrawals within these countries 
depend on PWAs or EWAs. As such, several countries which have a relatively high 
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withdrawal rate compared to their PWA, such as Egypt, Saudi Arabia and Syrian 
Arab Republic, need to be examined in terms of the impacts of EWA on their water 
withdrawals. 
 Table 4.1 The countries with the highest water withdrawals per capita 
No. 
Country 
Name 
Water withdrawals 
per capita 
(m3/capita/yr, 
2007) 
PWA 
(m3/capita/
yr, 2007) 
GNI per capita, 
Atlas method 
(current US$, 
2007) 
EWA 
(m3/capita/
yr, 2007) 
1 Uzbekistan 2084 1844 760 76000 
2 
United 
States 
1588 10153 46910 22232 
3 Azerbaijan 1423 3932 2710 10037 
4 Canada 1396 88001 40330 24591 
5 Estonia 1339 9538 13380 5126 
6 Kazakhstan 1338 6946 4980 20750 
7 
New 
Zealand 
1124 77268 27540 7504 
8 Australia 1074 23295 36910 9537 
9 Ecuador 1069 30643 3310 6620 
10 Pakistan 1053 1501 850 28333 
11 Vietnam 974 10400 790 5267 
12 Armenia 946 2527 2650 4649 
13 Egypt, 
Arab Republic 
920 745 1630 23286 
14 
Saudi 
Arabia 
913 94 15930 531000 
15 Philippines 888 5403 1510 3974 
16 Syrian Arab 
Republic 
857 870 1850 30833 
17 Greece 846 6596 24980 15911 
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18 Argentina 828 20677 5170 19148 
19 Ukraine 827 3016 2570 3894 
20 Bulgaria 821 2788 4530 5090 
Median (82countries) 519 5469 7555 9696 
 
 
To measure the impact of EWA on water withdrawal, the relationship between water 
withdrawal (annual water withdrawals per capita, m3/capita/yr) and PWA (total 
renewable water resources per capita, m3/capita/yr), which depends largely on EWA 
(GNI per capita/water tariff, m3/capita/yr), is analysed. The relationship between 
PWA and EWA using data from the 82 countries is illustrated in Figure 4.4. 
 
Figure 4.4 The relationship between PWA and water withdrawal 
 
It appears that PWA shows very weak correlation (R2=0.0578) with water withdrawal. 
This correlation, however, varies considerably depending on each country’s EWA. In 
countries with low EWA (low income compared to their water tariff), water withdrawal 
and PWA are much more closely related (Figure 4.5) than in the countries with high 
EWA (Figure 4.6). 
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Figure 4.5 The relationship between PWA and water withdrawal under low 
EWA (EWA < 3,000m3/capita/yr) 
  
Figure 4.6 The relationship between PWA and water withdrawal under 
high EWA (EWA >20,000 m3/capita/yr) 
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The more the countries with high EWA are included, the less is the correlation 
between PWA and water withdrawal per capita (Figure 4.7). There is a strong 
correlation (R2=0.75) between water withdrawal and EWA for the range of 0 to 3,000 
m3/capita/yr, while it falls to around 0.1 in the range between 0 and 30,000 
m3/capita/yr. This means that there is a meaningful range of PWA where EWA is 
dominant and PWA has practically no impact on water withdrawal.  
 
Figure 4.7 The relationship between EWA thresholds and coefficients of 
determination 
 
The dominance of the physical factor on water withdrawal can be evaluated by the 
coefficient of determination (R2) from the relationship between the economic factor 
and water withdrawal. Under 3,000 m3/capita/yr of EWA threshold, PWA has strong 
relationship with water withdrawal showing 0.75 of the coefficient of determination in 
Table 4.2, which is much higher than  R2 of 0.49 (R of 0.7) regarded as the limit of 
weak relationship (Waters, 1992; Mackenzie, 2005; Waters & Waters, 2008) or an 
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useful cut-off (Junker & Schreiber, 2011) in many publications. Below the EWA 
threshold, it can be concluded that there is strong relationship between PWA and 
water withdrawal and PWA explains around 75% of water withdrawal through the 
trend line equation, y = 0.0091x1.2255. Only agricultural water withdrawals in the range 
between 0 and 3,000 m3/capita/yr show R2 of 0.80, showing the strong relationship 
of between total water withdrawals and PWA. This is because agricultural water, 
especially in the countries under low EWA, is largely sourced by physical water 
resources which are not produced by public water supply systems requiring 
investment and operational cost. The sectoral analyses based on the relationship 
between PWA and water withdrawal indicate that variations in the physical water 
environment directly influence the agricultural sector under 3,000 m3/capita/yr of 
EWA.  
Table 4.2 The coefficient of determination and trend line equation in explaining 
the relationship between PWA and water withdrawal 
EWA Range 
(m3/capita/yr) 
R² Trend line Equation 
(Total) Domestic Industrial Agricultural Total 
0 to 3000 0.30 0.11 0.80 0.75 y = 0.0091x1.2255 
0 to 4000 0.20 0.07 0.38 0.33 y = 1.143x0.6575 
0 to 5000 0.04 0.03 0.26 0.31 y = 2.2063x0.5969 
0 to 6000 0.01 0.05 0.07 0.21 y = 6.5064x0.4735 
0 to 7000 0.01 0.11 0.03 0.21 y = 14.671x0.3754 
0 to 8000 0.04 0.10 0.07 0.26 y = 15.275x0.3701 
0 to 10000 0.07 0.10 0.15 0.29 y = 18.309x0.3522 
0 to 12000 0.08 0.08 0.10 0.20 y = 28.323x0.2985 
0 to 15000 0.05 0.09 0.06 0.17 y = 35.741x0.2674 
0 to 20000 0.04 0.10 0.03 0.12 y = 69.993x0.1973 
0 to 30000 0.06 0.13 0.01 0.09 y = 80.072x0.1797 
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A similar trend is shown in the relationship between water withdrawal and EWA 
depending on PWA. In the countries which have very low physical water resources 
(Figure 4.8), EWA is dominant factor in explaining water withdrawal. The relationship, 
however, is not the same as in countries with high physical water resources as 
shown in Figure 4.9. 
 
 
Figure 4.8 The relationship between EWA and water withdrawal under low 
PWA (PWA < 1,000m3/capita/yr) 
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Figure 4.9 The relationship between EWA and water withdrawal under 
high PWA (20,000 m3/capita/yr < PWA < 560,000 m3/capita/yr) 
 
 
The more countries with high PWA that are included, the less is the relationship 
between EWA and water withdrawal (Figure 4.10). Throughout the whole range of 
thresholds, the relationship gradually declines from around R2 of 0.5 to around 0.2.  
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Figure 4.10 The relationship between PWA thresholds and coefficients of 
determination 
 
EWA has strong relationship with water withdrawal showing more than the coefficient 
of determination of 0.49 (the coefficient of correlation of 0.7) in the area under 2,000 
m3/capita/yr of PWA threshold (Table 4.3). Below the threshold, it can be concluded 
that there is strong relationship between EWA and water withdrawal and EWA 
explains around 49% of water withdrawal (y = 2.3825x0.5101).  While agricultural water 
withdrawals do not have a range showing a significant relationship with EWA, 
domestic and industrial water withdrawals do have such a range from 0 to 3000 
m3/capita/yr and from 0 to 1000 m3/capita/yr respectively. This can be explained by 
the fact that desalinated water, which is a typical economic resource, is mainly used 
for supplying municipal water (67% of total desalinated water) and industrial water 
(23%) in the world. On the other hand, only 2% of the total desalinated water supply 
contributes to irrigation (DesalData/IDA, 2008). One other possible reason is the 
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price of agricultural water, which is practically free or low priced in many countries. 
This practice results in the irrelevance of EWA to agricultural water use. 
  
 
Table 4.3 The coefficients of determination in explaining the relationship 
between EWA and water withdrawal 
PWA Range 
(m3/capita/yr) 
R² Trend line 
Equation(Total) Domestic Industrial Agricultural Total 
0 to 1000 0.65 0.51 0.26 0.49 y = 2.0756x0.4946 
0 to 2000 0.52 0.13 0.27 0.49 y = 2.3825x0.5101 
0 to 3000 0.52 0.11 0.26 0.47 y = 2.7615x0.4977 
0 to 4000 0.36 0.11 0.24 0.42 y = 3.6608x0.4742 
0 to 7000 0.30 0.04 0.19 0.31 y = 8.0954x0.4084 
0 to 10000 0.29 0.03 0.14 0.27 y = 9.7036x0.3960 
0 to 20000 0.34 0.07 0.07 0.21 y = 17.94x0.3364 
0 to 40000 0.33 0.06 0.07 0.19 y = 19.968x0.3296 
 
 
It is difficult to say that there is an obvious threshold that distinguishes between a 
zone of scarcity and one of sufficiency. However, below the 2,000m3/capita/yr of 
PWA level displaying figures for R2 of more than 0.49, it can be seen that physical 
resources are too scarce to support water withdrawal effectively.  In the same 
manner, under 3,000m3/capita/yr of EWA threshold, economic resources are not 
sufficient enough to allow water withdrawal. Over the whole ranges, there is no 
proportional range for agricultural water withdrawal, indicating physical water 
availability to have significant impact on agricultural water withdrawal.  
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Based on the thresholds which differentiate areas dominated by a single factor, 
3,000m3/capita/yr for economic water scarcity and 2,000m3/capita/yr of physical 
water scarcity, four different Groups were classified and their water withdrawal 
patterns were examined. The different industrial (1,000 m3/capita/yr of PWA), 
domestic (3,000 m3/capita/yr of PWA) and agricultural thresholds (3,000 m3/capita/yr 
of EWA) also provide a measure to interpret water withdrawals depend on their 
sectors: domestic, industrial and agricultural. 
 
PWAs and EWAs of the 82 countries are displayed in Figure 4.11. Many Middle East 
countries are included in Group A (below 2000 m3/capita/yr of PWA and over 3,000 
of EWA) where desalination technology is being widely applied. By contrast, Group 
C (below 2000 m3/capita/yr of PWA and below 3,000 of EWA) consists of Sub-
Saharan Africa countries which are categorized as the physical and economic water 
scarcity areas. This implies that the physical-economic analysis can categorise these 
two important regions in terms of their intense water scarcity problems and their 
potential to utilise emerging technologies for water withdrawal, such as desalination.  
According to the latest demographic data (The World Bank, 2013), the population of 
these regions accounted for 18.5% of the world’s population in 2012. Assuming that 
most of the Middle East and Sub-Saharan Africa countries fall into Groups A and C, 
18.5% of water security based on population can be explained by physical and 
economic analysis methods. 
 
Given that there are areas which can be generally explained by only a single factor – 
either economic or physical water availability – as shown in Figure 4.5 and 4.8, the 
deficits from each PWA and EWA threshold in Figure 4.11 can represent the 
amounts of physical or economic water security, suggesting an interesting index for 
assessing water security.  
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Group B (over 2,000 m3/capita/yr of PWA and over 3,000 of EWA) in Figure 4.11 has 
high water security compared to Groups A, C, and D. Paradoxically, in the water 
secured group, ‘water security’ loses its reason for existence as a terminology 
because securitization should be located beyond the political rules of the normal 
decision making (Schmitt, 1985; Williams, 2003). In the countries of Group C, water 
issues seem to be outside normal decision making as they are obvious threats to the 
life of people and society. The countries in the Group A, D accept them as security 
issues easily if there is economic crisis or physical variation of water environment.  
 
 
 
Figure 4.11  Economic-physical water availability 
 
 
The analysis is useful, moreover, to gain valuable information as to how the different 
water withdrawal patterns depend on the physical and economic water environment. 
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The four groups show different water withdrawal amounts and patterns as follows in 
Figure 4.12 and 4.13.  
 
Striking differences are discovered between the amount of water use in Group C – 
the absolute water scarcity group – and other groups, implying that either economic 
affordability (Group A) or physical water abundance (Group B) promote or support 
water use in their regions.  Physical water availability in Group D is overtaken by 
economic power in Group A.  Although the figures do not include all the data from 
the countries under each physical and economic condition, it is at the very least clear 
evidence that economic power can provide people with an equivalent water 
environment to those in high PWA Groups B and D. 
 
Figure 4.12 Average water withdrawal depends on PWA and EWA groups 
 
The group analysis of water withdrawal patterns in Figure 4.13 highlights the 
differences in water use among the groups divided by physical and economic 
thresholds. This means future changes including climate change and economic 
fluctuation require us to develop different responses depending on physical and 
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economic water availability in their sectors. Also, the shares of each usage largely 
indicate their significance in terms of water security though there are many other 
factors such as the hydrological environment and spare capacity of facilities. For 
example, industrial water security in Group B in Figure 4.13 is far more important 
than in Group D because of its large share of total water withdrawals.  
 
 
 
 
Figure 4.13 The patterns of water uses depends on PWA and EWA groups 
 
  
 78 
 
4.4 Discussion 
Several studies, explaining water scarcity as a result of economic underdevelopment, 
have developed and implemented the concept of ‘Economic Water Scarcity’ (Molden 
et al., 2007b; IWRM, 2008) since it was first established (Seckler et al., 1999). A 
limitation of this approach is the use of this concept regardless of the absolute 
amount of water use, whereby countries in which less than 25% of river water is 
withdrawn (but malnutrition still exists) are characterised as suffering from economic 
water scarcity (IWRM, 2008). Thus, countries with high precipitation are more easily 
categorised among those countries that suffer with water scarcity because the 
threshold is established by the ratio of water withdrawal to renewable water 
resources. For example, Vietnam was categorized as a country suffering from 
economic water scarcity in the map illustrating the areas of physical and economic 
water scarcity (IWRM, 2008). However, this country shows 11th largest amount of 
water withdrawal out of 82 countries in this study, which seems not to indicate water 
scarcity status. This shows that other factors such as tropical storms, use of fertilizer 
and cropping intensity also impact on agriculture (Hùng, 2000) and hence 
malnutrition events can be explained by factors other than insufficient water access. 
Furthermore, the definition utilises physical indicators, rather than economic ones, to 
define the economic nature. In the strict sense, it means ‘the scarcity which is not 
caused by physical factor’ rather than ‘the scarcity which is caused by economic 
factor’. A recent working paper argued that ‘economic water scarcity’ should include 
other socially generated forms of scarcity such as managerial, institutional and 
political water scarcity aspects (Mason & Calow, 2012).  
 
This study has therefore introduced EWA as an assessment component of ‘Water 
Security’. Economic availability of water is an essential element or dimension of 
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water security, especially under physical water scarcity. Findings have demonstrated 
a close relationship between EWA and water withdrawal under conditions of low 
physical water availability, and between physical availability and water withdrawal 
under conditions of low economic water availability. It is hard to find a clear threshold 
based on physical water availability but there is clear tendency showing that the 
more water is physically scarce, the less physical water resource impacts on water 
withdrawal. Paradoxically, this indicates that as physical water scarcity is intensified, 
the Falkenmark physical threshold (Falkenmark, 1990) loses its utility in explaining 
the strength of water scarcity. This tendency seems to be caused by the relative 
dependency on economic or physical water availability. For example, if a country 
displays a relative lack of physical water resources, then evidently it depends on the 
economic water resources such as desalination to address its needs (Bremere et al., 
2001). Therefore, it becomes apparent that the water availability of the country will 
be decided by its economic status and affordability.  
 
In regions where both economic and high physical water availability are present, 
EWA has no significant relationship with water withdrawal. This suggests that water 
demand meaningfully influences water use, especially where water availability is 
plentiful. For example, major grain exporters such as the United States, Australia 
and Canada have particularly high per capita water use, which further complicates 
the relationship. One of the main reasons is the variable water-use efficiency, which 
changes depending on the application of advanced technologies (Florke et al., 2013). 
Countries at a late stage of industrialisation adopt improvements in technology and 
management and allow the shift from water-intensive industries to lower water-using, 
higher-valued industries. Accordingly, the general proportionality between water 
withdrawal and economic affordability is modified or broken, especially in the 
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industrial water sector, as shown in an empirical study (Gleick, 2003). In terms of 
domestic water, there are many empirical studies supporting the proposition that 
income is positively correlated with domestic water consumption (Baumann et al., 
1998; Gaudin et al., 2001; Renzetti, 2002; Hoffmann et al., 2006). However, water 
consumption fluctuates with climate variables, especially rainfall and temperature 
(Griffin & Chang, 1991; Gato et al., 2007), which increases complexity of the 
interpretation of water withdrawal. In turn, there are many impact factors that can 
affect water withdrawals that the physical and economic analysis cannot explain, yet 
it still has a significant utility in countries which are deficient in physical and/or 
economic water availability.  
 
The most crucial implication of the EWA is that it provides a comprehensive indicator 
of water security in the context of water, energy and food nexus. This is because 
EWA can reflect the relative margin in competition with other resources, flexibility of 
transition to other resources and price correlation. Additionally, the transition from 
one resource to another generally requires a significant amount of economic power, 
which can be represented by GNI, an element of EWA. If a country has enough EWA, 
a resource of high availability can easily be used to attain access to a resource of 
low availability as in the desalination plant in the Middle East, where abundant 
supplies of oil are providing the energy required to desalinate water to meet demand. 
Finally, prices of each resource currently have the closest correlation (Dobbs et al., 
2011) and become a key indicator to interpret the volatility and correlation of 
resources. Price of a resource, therefore, is an essential indicator because it involves 
prices of other resources. Water purification, for example, requires a considerable 
amount of energy cost and high grain price stimulates water demands for agriculture. 
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The analysis of EWA is useful in investigating not only the potential economic risks 
but also the consequences and appropriate countermeasures. The risks can go in 
the reverse direction (economic crisis leading to water-related risks) against the 
preceding definition of risks in water security (where water related risks lead to 
economic problems). In this regard, an analytic report (Winpenny et al., 2009) 
highlights the fact that water services are particularly vulnerable in the recent 
economic environment. A number of developing countries do not have economic 
resilience in managing water, which leads to a compulsory relocation of their 
population from underdeveloped to more developed areas, or a reduction in their 
water consumption rates. Even in developed countries where water is more easily 
available, a growth in the subsidies burden implies a reconsideration of measures to 
recover the full cost of water (Dobbs et al., 2011), which results in a decrease of 
EWA. Scaling down the subsidies on resources is suggested as an important 
measure to cope with future resource scarcity, mainly because it provides stronger 
price signals to control water demands (Dobbs et al., 2011). Price rise caused by the 
reduction of subsidies or by shortages of resources should be carefully considered. 
As rising resource prices disproportionately hit the countries which have low 
purchasing power, there is growing concern about inequality of resources (Dobbs et 
al., 2011). Rich countries, however, can acquire resources even in the extreme 
scarcity. The developed countries with high EWA, at least in terms of their 
affordability, are relatively safer from price rises caused by a shortage of resources.  
At the same time, the high proportion of agricultural water use in poorer countries 
(Groups C and D in Figure 4.13) mitigates the impact of price rises. This is because 
agricultural water use is often free or low priced and thus largely irrelevant to EWA. 
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4.5 Conclusion 
‘Water Security’ has emerged as a term in water management over the past decade 
and has evolved into a solid concept that needs to integrate all qualities of water, 
especially its underestimated nature, economic availability. Treating water scarcity 
as both a natural and a man-made challenge, EWA is introduced as a concept that 
can be used to explain the economic nature of water and complement definitions of 
water security. EWA addresses the shortcomings of its previous definition, which are 
due mainly to its relative measurement, the failure to consider the absolute amount 
of water use and the attempts to use physical elements for explaining its economic 
nature.  
 
In this study, the ratio of Gross National Income (GNI) per person to water tariff per 
cubic metre, which means ‘the amount of water which can be purchased with the 
GNI of an individual consumer’, is proposed as an indicator of EWA, used for the 
analysis of water security in combination with physical water availability. By sharing 
the same unit (m3/capita/yr), EWA and PWA can provide more intuitive insights to 
water security. 
 
Findings indicate that EWA dominates water withdrawal under conditions of severe 
physical water scarcity.  From 0 to 3,000 m3/capita/yr of EWA, the positive 
relationship between ‘Physical Water Availability’ (PWA) and water withdrawal is 
very strong. Likewise, below the 2,000 m3/capita/yr PWA threshold it can be 
concluded that there is strong positive relationship between EWA and water 
withdrawal. 
 
The analysis based on the dual (economic–physical) nature of water indicates that 
EWA dominates water withdrawals under conditions of severe physical water 
scarcity. Therefore, under these conditions, economic measures such as economic 
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growth – Gross National Income (GNI), financial policy – 3Ts (Taxes, Tariffs and 
Transfers) could potentially outweigh physical water management in ensuring water 
security. Countries under economic difficulties are more vulnerable to the challenges 
of climate change due to limited economic water availability.   
 
In turn, if water availability and water withdrawal formulate a trend-line equation with 
strong correlation, water security can be determined by either PWA or EWA under 
physical or economic scarcity status. This can be a useful tool to predict how the 
impact on water withdrawals depends on the variation of physical and economic 
environment. Although the span where those relationships are strong is not clear and 
wide enough, the economic-physical availability analysis offers an opportunity to 
address the most valuable areas: understanding water security in developing 
countries and emerging desalination markets (including Sub-Saharan Africa and the 
Middle East). At the same time, in these areas, water security has real practical 
application as a concept, because of reliance on either type of resource, whether it is 
physical or economic. A severe economic crisis in the Middle East could result in 
severe water scarcity, as a result of the cost for water production becoming 
unaffordable.  
 
In addition, growing concerns about food security and energy security highlight the 
importance of the economic nature of water security, as they can interact as 
competitive commodities and raw materials. Challenges associated with the water, 
energy and food nexus could therefore be better understood through the use of 
economic terms such as the price for these commodities.  
 
Understanding the dual nature of water security in different sectors (agricultural, 
industrial, domestic) is important when selecting appropriate adaptation options that 
safeguard sustainable access to adequate quantities of acceptable quality water.  
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One of the key potential contributions of the dual nature analysis lies in providing an 
index for evaluation of water security. Two major indicators, physical water 
availability and economic water availability, consist of a balanced core set of water 
security index. The two indicators can suggest whether the economic development 
or physical construction of water facilities should have priority in government 
spending. Furthermore, within certain ranges of economic or physical availability, 
water withdrawals are predictable. Although the area of predictability indicated by 
this analysis can explain only parts of the picture, water issues can in practice be ‘an 
urgent security issue’ in the areas. Finally, the physical economic position in relation 
to availability can suggest appropriate options for water supply. Countries with high 
economic availability but low physical availability of water can afford to invest in 
capital intensive technologies with high operational costs. By contrast, countries with 
high physical availability but low economic availability require labour intensive 
technologies that will boost their economy. 
Defining water security by both physical and economic measurements offers a more 
pragmatic approach to water for sustaining livelihoods, human well-being, and socio-
economic development. 
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5. Water related risks: Physical and economic analysis 
5.1 Introduction 
Water has a destructive force, being a cause of drought, flood and landsildes (Grey 
& Sadoff, 2007).  These water-related disasters have been major obstacles to 
achieving human security and sustainable development (Adikari & Yoshitani, 2009). 
Between 1980 and 2013, there have been an increasing number of hydrological and 
climatological events throughout the world (Figure 5.1). According to the historical 
data, meteorological events comprise of 44% of the total number of events and 
hydrological events consist of 37% in 2013. The number of climatological events 
including extreme temperatures, drought and wildfire is relatively marginal, showing 
only 9%. Major parts of these categories include water related events such as 
tropical storm, extratropical storm, flooding and drought. 
 
Figure 5.1 Number of loss events (1980-2013) (Kron & Schuck, 2014) 
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Water related disasters are closely linked to the resilience of human societies and 
the variability of climate. The former can be based on economic factors and 
consequential robust infrastructure. Economic development is often regarded as an 
implicit insurance against natural disasters (Kahn, 2005) and high-income is likely to 
face a lower mortality risk from them (Strömberg, 2007). With this regards, several 
reasons are suggested: affordability of high cost measures, stronger and durable 
buildings, agricultural areas with less water losses and warning system (Sheets & 
Williams, 2001). This means economic factors such as GNI and infrastructural 
factors related can be relevant factors in order to interpret water security. In addition 
to these factors, it is worth examining the relationship between water related 
disasters and physical factors (rainfall and freshwater resources) because they seem 
‘intuitively’ relevant to floods damages (Pielke Jr & Downton, 2000) and droughts.  
 
Average affected people ratio per year by water related disasters (droughts, storms 
and floods) between 1990 and 2009 from 179 countries were plotted on charts and 
their relationship with economic, infrastructural and physical factors were derived in 
Table 5.1. It is noticeable that three physical indicators have weak or no relationship, 
showing coefficients of determination below 0.1. Although they can be seen as 
intuitive indicators in disasters risk assessment, they are unserviceable to predict 
water related disasters according to the analysis. Possible reasons of this 
disharmony lie in the lack of trends in large-scale flooding (Lins & Slack, 1999) and 
little information of socioeconomic impact (Bruce et al., 1996). On the other hand, 
economic and infrastructural factors have moderate or weak relationship. 
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Table 5.1 The relationship between water disasters and possible factors 
Indicators 
R2 
(Coefficient of 
Determination) 
Trend Line 
Economic 
GNI per capita, Atlas method 
(current US$, average 1990-
2009) 
0.3314 y = 455.98x-0.97 
GINI index (average 1990-
2009) 
0.1564 y = 6E-08x4.17 
Infrastructural 
Improved water source (% of 
population with access, 
average 1990-2009) 
0.1605 y = 1107618x-3.48 
Improved sanitation facilities  
(% of population with access, 
average 1990-2009) 
0.1326 y = 45.53x-1.27 
Physical 
Average Rainfall variance  
(mm per month, average 1990-
2009) 
0.0638 y = 94.01x-0.87 
Average precipitation in depth 
(mm per year, average 1990-
2009) 
0.0275 y = 0.012x0.47 
Renewable internal freshwater 
resources per capita  
(m3, , average 1990-2009) 
0.0006 y = 0.21x0.03 
 
Twenty countries damaged the most by these disasters from 1990 to 2009 are listed 
to compare figures of two basic indicators: average precipitation and GNI per capita 
(Table 5.2). These highly damaged countries have around 10 times lower GNI per 
capita than the world average whereas average precipitation is similar with the world 
about 1100 mm per year. This gives additional evidence indicating that water 
disasters are inversely related to economic factors unlike the weak relationship with 
physical and hydrological factors. 
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Table 5.2 The countries with the highest damage by water-related disasters 
No Country Name 
Affected people by 
Droughts, Storms, 
floods (% of 
population, average 
1990-2009) 
Annual 
precipitation in 
depth (mm per 
year)(average 
1990-2009) 
GNI per capita, 
Atlas method 
(current 
US$)(average 
1990-2009) 
1 China 9.07 645 1211 
2 Swaziland 8.99 788 1812 
3 Malawi 8.85 1181 202 
4 Samoa 8.10 1583 1567 
5 Niger 7.51 151 236 
6 Eritrea 7.14 384 204 
7 Guyana 7.09 2387 989 
8 Djibouti 6.73 220 806 
9 Cambodia 6.65 1904 407 
10 Kenya 6.44 630 440 
11 Bangladesh 5.81 2666 393 
12 Cuba 5.55 1335 3006 
13 Zimbabwe 5.39 657 552 
14 Philippines 5.31 2348 1123 
15 Mongolia 5.18 241 842 
16 Kiribati 5.08 630 1370 
17 Somalia 4.66 282 150 
18 Mozambique 4.47 1032 231 
19 Belize 4.47 1705 3224 
20 India 4.40 1083 557 
Top20 average 6.34 1093 966 
World average        
(190 countries) 
1.38 1132 8972 
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An assumption was made for the analysis of vulnerability to water disasters. 
Economic factors influence on vulnerability to water related disasters and more 
sensitive in the range of middle class of national average income (Figure 5.2). This is 
because even the lowest income group in the high income countries can be provided 
by public facilities for disaster prevention, allowing most of their citizens to reside in 
the water security areas. At the same time, even the highest income in the low 
income countries might not be enough to control disasters. Consequently, outside 
those two cases, there might have significant difference in water security between 
the wealthy and the poor, forming a sensitive range in the middle. A country where 
there is a severe inequality, showing high GINI index, has higher proportion of 
vulnerable people to water disasters than a country with high equality. This can also 
create a close relationship between the damage by water disasters and the degree 
of inequality. To verify this assumption, more detailed analysis of relationship 
between vulnerability and two major economic factors – GNI per capita and GINI 
index – was performed. 
 
Figure 5.2 Conceptual diagram of vulnerable people ratio depending on 
Economic factors  
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5.2 The relationship between water disasters and GNI per capita 
GNI per capita has a moderate relationship with the ratio of affected people by 
water-related disasters, showing 0.3314 of coefficient of determination (Figure 
5.3). High GNI per capita represents the affordability to construct a proper 
disaster prevention system. Most of countries suffering from water related 
damages have less than $3,000 of GNI per capita. Those countries comprise 90% 
of the total number of countries where more than 1% of total population are 
affected by water disasters and all the countries with more than 5% of people 
affected are located in the income range. 
 
Figure 5.3 The relationship between GNI per capita and water-related 
damages 
 
Those damages might be related to not only GNI but also rainfall variance, albeit 
weak. To identify the combination of impact caused by physical and economic 
factors, the GNI-affected people graph in Figure 5.3 is separated into 7 different 
groups according to rainfall variance, the difference between maximum monthly 
 91 
 
rainfall and minimum monthly rainfall (Table 5.3). As the difference of rainfall 
increases, the coefficient of determination decreases (Figure 5.4). This can imply 
that the economic power fails to ensure human security where rainfall variance is 
significant. Also it can be seen that there are zones which are irrelevant to GNI: 
the zones with the lowest (0 to 40 mm/month) and the highest (over 160 
mm/month) rainfall variance. 
Table 5.3 The relationship between GNI per capita and water-related damages 
Rainfall 
variance 
(maximum 
rainfall-
minimum 
rainfall) 
(mm/month) 
GNI per capita (US$) 
Affected people by 
droughts, storms and 
floods  
(% of population, average 
1990-2009) 
GNI per capita - Affected people  
relationship  
Max Min Ave Max Min Ave 
Coefficient of 
determination 
(R2) 
Trend line 
Equation 
0 to 40 69737 564 14209 0.43 0.00 0.12 0.0766 y = 2.9417x-0.443 
40 to 60 58861 313 13551 5.16 0.00 0.63 0.5011 y = 5,776.1x-1.304 
60 to 110 46121 204 13364 7.46 0.00 1.51 0.6638 y = 27622x-1.516 
110 to 160 18571 180 4305 9.26 0.00 2.23 0.3232 y = 128.13x-0.688 
160 to 220 35569 154 4443 5.57 0.00 1.36 0.0933 y = 23.426x-0.529 
220 to 300 23828 202 2976 8.75 0.00 1.90 0.1687 y = 119.88x-0.767 
300 to 550 19020 143 2509 5.91 0.05 1.50 0.1033 y = 0.0462x0.411 
Average   7908 
  
1.32 
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Figure 5.4 Changes of the relationship between GNI per capita and water-
related damages depending on rainfall variance 
 
In the zone under 40 mm rainfall variance, there is very weak relationship 
between GNI per capita and affected people ratio (R2=0.0757) (Figure 5.5). One 
of the reasons is related to the climatic conditions of Middle Eastern countries. 
Their low rainfall variances seem to be caused from the low precipitation, 
implying its innate low risks from floods and storms. Being free from risks related 
to high precipitation, they have remained in the secured situation in spite of lacks 
of disasters prevention facilities, which require significant investments.  
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Figure 5.5 The relationship between GNI per capita and damages (under 
40 mm) 
 
On the other hand, the countries in the zone from  40 to 160 mm of rainfall 
variance show strong relationships (R2=0.5332) between their GNI per capita and 
affected people, indicating that economic power plays the most significant role in 
the zone (Figure 5.6). Roughly half of the countries (45.9%) are included in this 
zone and possible damages can be predicted according to an equation, 
y=4902.9*(GNI per capita)-1.258. This strong relationship becomes gradually 
weaker as the rainfall variance increases, leading to an irrelevant zone (160 to 
540 mm of rainfall variance) (Figure 5.7).  
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Figure 5.6 The relationship between GNI per capita and damages (40-160 
mm rainfall variance) 
 
Figure 5.7 The relationship between GNI per capita and damages (160-540 
mm of rainfall variance) 
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Two possible reasons of this trend can be derived based on these relationships: 
1) high rainfall variance is accompanied with high uncertainty, implying that the 
damage might occur randomly in the highest zone, 2) High precipitation and 
consequential high rainfall variances means low risk of droughts, which is major 
disasters for many African countries, as 1.77% of total population is affected 
(Table 5.4). Most of African nations are relatively undeveloped, showing $1,006 
of low GNI per capita, and lack disaster prevention facilities. Despite the lack of 
infrastructure, in terms of storm damages, the countries show almost the same 
damages (0.09% affected people out of total population) as high income 
countries largely due to their locations which are relatively safe areas from 
tropical cyclones. 
Table 5.4 Comparison of Damages and GNI capita depending on groups 
Group 
Affected 
people ratio 
by Water -
related 
disasters  
(%, average 
1990-2009) 
Affected 
people ratio 
by droughts 
(%) 
Affected 
people 
ratio by 
storms (%) 
Affected 
people ratio 
by floods 
(%) 
GNI per 
capita($, 
average 
1990-
2009) 
Average total 
(183 countries) 
1.39 0.65 0.39 0.35 7278 
Average of African 
Countries 
2.25 1.77 0.09 0.43 1006 
Average of High 
income countries 
over $20,000 
0.2 0.09 0.09 0.02 33973 
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5.3 The relationship between water disasters and GINI index 
GINI index seems to have a weak relationship with water disasters (Figure 5.8). A 
higher GINI index, however, is likely to cause more damages to the society, affecting 
the poorest. The most vulnerable group are the poor where the disasters occur due 
to lack of financial resources to cope with them (Palm, 1990; Blaikie et al., 2014). 
The higher GINI index can be originated by the higher proportion of the poorest 
people who are the most vulnerable to the water related risks. 
 
Figure 5.8 The relationship between GINI index and water-related 
damages 
To identify the integrated impacts caused by two economic factors (GNI per capita 
and GINI index) on water related damages, The GINI index and affected people 
graph in Figure 5.8 is separated into 7 different groups according to GNI per capita 
(Table 5.5). There is a clear range ($1,500 – 4,500 GNI per capita) to show a strong 
relationship between GINI index and the damages (Figure 5.9).    
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Table 5.5 The relationship between GINI index and water related damages 
depending on GNI group 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Range of GNI per 
capita, (current US$, 
average 1999-2009) 
No. of 
countries 
Coefficient of 
determination 
Average of affected 
people by water 
disasters 
(% of population, 
average 1990-2009) 
Average of 
GINI indices 
(average 
1990-2009) 
0-400 24 0.0939 2.50 40.33 
400-800 22 0.0131 2.28 42.56 
800-1,500 25 0.0749 2.21 40.15 
1,500-2,500 20 0.5729 1.59 43.55 
2,500-4,500 21 0.6338 1.14 47.09 
4,500-18,000 19 0.1152 0.26 38.00 
18,000-46,000 19 0.2954 0.12 31.52 
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Figure 5.9 The coefficient of determination between GINI index and water 
related damages 
 
In the range from $1,500 to $4,500 GNI per capita, the coefficient of determination 
reaches to 0.5681 (Figure 5.10), showing that almost 60% of damages are 
predictable by the derived equation (y=1.55E-10 x GINI index5.66). Conversely, there 
is no relationship between them in the low income countries under $ 1,500 (Figure 
5.11) and weak relationship in the highest income countries over $4,500 (Figure 
5.12).  This results support the assumption made in this study. Under a certain level 
of income, people are likely to be exposed to higher water related risks. For the 
countries in the lowest range of GNI per person, majority of citizen might face severe 
risks regardless of inequality. However, in the middle range of the income distribution, 
GINI indices – which stand for inequality of the countries – matters because they 
represent the proportion of people living in the insecure area. For the highest income 
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countries, prevention systems, securing almost all the economic strata of people, 
weaken the relationship. 
 
 
Figure 5.10 The relationship between GINI index and water related 
damages ($1,500-4,500 GNI per capita) 
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Figure 5.11 The relationship between GINI index and water related 
damages (under $1,500 GNI per capita) 
 
Figure 5.12 The relationship between GINI index and water related 
damages (over $4,500 GNI per capita) 
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According to these results, inequality-sensitive zone, ranging from $1,500 to $4,500, 
can be determined as shown in Figure 5.13. In the zone, GINI index can explain and 
predict the intensity of damages by water disasters, corresponding to the hypothesis 
previously illustrated in Figure 5.2.    
 
 
Figure 5.13 Classification of zones depending on water security 
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5.4 Discussion 
This study found that there is a range showing strong relationships between water 
related disasters and two economic factors: GNI per person and GINI index. 
Correlation Analysis give supporting evidence for the assumption previously 
mentioned – damages from water disasters related to income as well as economic 
inequality.  
A significant number of studies have proved that lower socioeconomic status and 
ethnic minorities have been more exposed to environmental risks (Brulle & Pellow, 
2006; Walker, 2006; Mohai et al., 2009). While many of them mainly have focused 
on air pollution, hazardous waste and undesirable land uses, the studies on 
environmental justice have been extended to social injustices linked to geophysical 
events such as floods and storms since 2005 when Hurricane Katrina brought a 
catastrophic disaster (Dixon & Ramutsindela, 2006; Ueland & Warf, 2006; Bullard & 
Wright, 2010; Walker & Burningham, 2011). Few studies, however, have considered 
water related risks, including water scarcity, in the dimension of water security and 
on a global scale. This study is the first effort to link water security to economic 
inequality on a global scale. Although the method provides partial explanation, 
showing a strong relationship between economic inequalities and damages caused 
by water disasters in a part of whole range, majority of countries can be determined 
whether they are located in water secured region or not. High inequality is likely to be 
an important signal of water insecurity. This result implies that political decision 
making to tackle water related risks should consider the economic status of people.  
It is difficult to find a general trend of the relationship between water disasters and 
GNI per capita because of the complex natures of three different water related 
disasters: drought, storm and flood. Yet, there is a clear range where water disasters 
are closely correlated with GNI per capita according to the correlation analysis. This 
result is supported by a study showing that flood damages have a large income 
 103 
 
effect. Richer countries are likely to have the resources to invest for flood defense 
such as drainage facilities and dams (Kahn, 2005).  Low average income of 
countries, in a global level, also influences on the vulnerability to water related 
disasters. If GINI index of each country are inevitable factors in a national level in 
assessing national water security, global inequalities between countries are also 
important in a global level. This allows us to form a practical framework to evaluate 
global water security, providing quantitative thresholds to discern water security area.  
 
 
 
 
  
 104 
 
5.5 Conclusion 
This study contributes to the water security by clarifying its impact factors and proper 
range to be applied. Two hypotheses on the correlations between water disaster and 
two economic indicators (GNI and GINI index) were examined and proved in global 
scale. The major economic factors correlate to water disasters only in a limited range 
and there is a need to distinguish between various water related disasters. Despite 
this limited applicability, the study provides significant evidence which indicates lower 
income and higher economic inequalities mean higher potential exposure to water 
related disasters. This implies that the equation of the relationships can be used in 
assessing water security and predicting damages from water disasters. Policy 
makers can utilise this to prepare for long term plan to address extreme water 
disasters. 
With the increasingly unpredictable climate, it is widely accepted that climate change 
already became a real threat. This impact is likely to impose more damages on the 
vulnerable poor communities and countries. Those governments, which are exposed 
to the risks, should also recognise the ripple effect of water disasters leading to 
negative impacts on the human health and, more importantly, food security.   
In sum, this analysis provides two essential components (GNI and GINI index) for 
the assessment of global water security. The commonly accepted and well 
established indices are advantageous for communicating with the public. As water 
disasters have integrated impacts on economy, infrastructure, food and human 
health, the policies to prevent the disasters require a broad consensus among 
various stakeholders. In this regards, the two indices are inevitable in achieving 
social consensus on the water security issues as well as in finding adaptation 
solutions. 
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6. A simplified framework for water security assessment 
6.1 Introduction 
There has been an increasing use of water security term in academic and policy 
literatures (Cook & Bakker, 2012) over the past decade. In addition, many other 
groups such as World Economic Forum have acknowledged its significance (WEF, 
2011) as the term is gaining attentions in global debates of businesses, governments 
and NGOs (Mason & Calow, 2012). However, the major part of the academic studies 
is still poorly integrated with the demands of practitioners and policy-makers (Bakker, 
2012). To meet their needs, it is crucial to provide a robust measurement with 
pragmatic indicators for the status and progress of water security.  
Over several decades, various indices related to water security have been 
developed: drought and flood indices  (Palmer, 1965), water scarcity and stress 
indices (Raskin et al., 1997) , incorporated water scarcity and stress indices 
(Ohlsson, 2000) and integrated indices(Sullivan, 2002). Although these efforts have 
their advantages to specific areas, the complexity of water-related issues requires 
holistic approaches such as water security index (Mason & Calow, 2012). These 
approaches provide robust measures to assess water security. However, simplified 
indicators are also needed in communicating with the public, showing its 
complementary characteristics to holistic approaches.  
In determining the simplified water security indicators, it is important to analyse the 
trend of water security studies by identifying the changes of key words. The 
categorisation of indicators enables us to find the desirable features of water security 
indicators. In addition, the changes of focus in previous studies and the history of the 
development of related indicators give significant implications to build an effective 
framework comprising practical key indicators.  
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6.2 The trend of water security topics 
For the last 15 years, there have been evident changes in the focus of water security 
researches. A quantitative analysis (Figure 6.1) including around 500 papers dealing 
with water security suggests that sustainability has been investigated or targeted as 
the most essential topic word in explaining the characteristics of water management. 
Since 1999, however, topic words representing conventional concepts of water 
management (i.e. sustainability, accessibility and availability) have been significantly 
decreased whereas variability and uncertainty have gained popularity, implying the 
increasing attention on contingent water-related events rather than the conventional 
concern about the balance between supply and demand. This trend coincided with 
the inclination to use vulnerability term. Although the interests on the equality and 
equity have not shown a steady increase during the period, a considerable number 
of studies have consistently focused on the vulnerability of regions, industries and 
social classes. In short, current trend of water security researches requires a 
balanced and integrated consideration, adding vulnerability and variability to 
conventional supply-demand issues. According to a recent effort to define water 
security (Hope et al., 2012), the term refers to the tolerable water-related risk to 
society. In interpreting this definition, the trend suggests that the management of the 
risks should focus on the events generated by anthropogenic, environmental and 
economic variability and the vulnerable parts of societies. 
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Figure 6.1 Key topics explaining the characteristics of water management 
in water security researches 
 
One of the notable trends water security researches in identifying water-related risks 
is the emergence of a dominant concept, climate change, which has been regarded 
as the most significant threat to water security during the last decade (Figure 6.2). 
From 2009 to 2013, it has been included in approximately 50% of water security 
related studies. Between 2004 and 2008, there was an increasing use of ‘water 
pollution’. Majority of studies involving in the increase are related to the monitoring 
water quality to protect human and environment from contaminated water, using the 
narrow definition of water security. Climate change and its consequential events, 
drought and flood, which are based on the broad definition, are currently overtaking 
them, emphasising on the resilience to deal with climatic variability and uncertainty. 
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Figure 6.2 Potential threats to water security as key topics  
There is a thread of connections between these two trends shown in Figure 6.1 and 
6.2. The emphasis on the variability and uncertainty is closely linked to climate 
change and both of them have gained increasing attentions since 1999. On the 
contrary, despite the increasing interests in vulnerability, the use of the term, ‘poverty’ 
has significantly lost popularity in water security studies, suggesting that the 
vulnerability mainly refers to the physical aspect of water security. However, in 
today’s growing concern about the detrimental effect of the water-energy-food nexus, 
the economic consideration represented by poverty, equality should not be the 
marginal terms as the nexus has influenced on water security by economic leverage. 
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6.3 The development of Water Security Indicators  
6.3.1 Water security and related indices and indicators 
In determining a water security index, it is important to analyse the characteristics 
and intensity of water related risks as well as water availability. Many indices have 
been developed to quantify them (Figure 6.3).  We categorised these indices into five 
generations depending on their specific characteristics: the first generation focusing 
on the meteorological and hydrological nature of water related risks; the second 
generation considering the availability-demand relationship, the third generation 
partially incorporating with environmental and social indicators; the fourth generation 
of integrated indices such as sustainability indices containing physical, economic, 
environmental and social indicators; the fifth generation of water security indices 
encompassing water availability for humans and ecosystems, resilience to water-
related risks including flood, drought and pollution. 
Drought and flood indices can be regarded as the earliest efforts to measure water 
related risks. These indices quantify the physical intensity of drought or flood. The 
Palmer drought Severity index (PDSI), which is perhaps the best known of indicators 
for monitoring drought, was  formulated to evaluate the total moisture status of an 
area using precipitation and temperature (Palmer, 1965). One of its limitations is that 
all precipitation is treated as rain neglecting the other forms such as snowfall, snow 
cover, and frozen ground (Hayes et al., 1999). In terms of this limitation, Surface 
water supply index (SWSI) made a significant progress being calculated based on 
reservoir storage, stream flow, snow pack, and precipitation (Shafer & Dezman, 
1982). The other criticism of PDSI is its limited timescale suitable for agricultural 
monitoring rather than hydrologic droughts (Mishra & Singh, 2010). A simpler 
alternative, Standardized Precipitation Index (SPI) (McKee et al., 1993; McKee et al., 
1995) was developed providing flexibility in timescale; and later applied to flood risk 
monitoring (Seiler et al., 2002). 
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Figure 6.3 The development of water security related indicators/indices 
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In spite of these notable progresses, those indices reflect only drought and flood 
conditions measured by hydro-meteorological variables (Mishra & Singh, 2010) 
disregarding the relative severity depends on regional factors. Several indices, which 
are categorised as the second generation indices in this research, meet this 
requirement by utilising demand concept in assessing water scarcity. Falkenmark 
(1989) developed an index which was defined as the fraction of the total annual 
runoff available for human use. The thresholds of 1,700 ㎥ and 1,000 ㎥ per capita 
per year are used to discern water stressed and scarce areas. This index, which is 
followed by availability-demand based indices such as Water Resources 
Vulnerability Index (Raskin et al., 1997) and Local Index of Water Stress 
(Vörösmarty et al., 2005), includes water demand by employing population which is 
probably the simplest and most typical indicators of water demand. While this index 
provides intuitive and easy interpretation of water stress on a country scale, the 
simple thresholds still overlook important differences among countries such as 
lifestyle, culture and climate (Rijsberman, 2006). 
 
The conceptual expansion to social and environmental realm outside physical 
characteristics of water seems to make a clear classification, thus can be the third 
generation indices. Societal factors were integrated into the Social Water Stress 
Index (Ohlsson, 2000). Ohlsson argued that the adaptability of a society to water 
stress depends on wealth, education opportunities and political participation. The 
index uses the UNDP Human Development Index (HDI) (UNDP, 1990) which is 
widely used to assess societal status (Brown, 2011),  as a weighting measure in 
order to improve the Falkenmark indicator. Smakhtin et al. (2004) developed the 
Water Stress Indicator (WSI), which is based on environmental water requirements, 
in light of the fact that many other indices are still insufficient in explaining global 
water scarcity stemming from environmental issues.  This assessment shows that 
there are more basins under a high magnitude of water stress when ecosystem 
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water requirements are taken into account. Considering basic social and 
environmental demands, Asheesh (2003) developed a water scarcity index which 
consists of: water availability; domestic, industrial and ecological water usage; and 
population growth rate. 
 
In spite of the significant improvements in the interpretation of water stress and 
scarcity, a more holistic way is needed to move towards a more comprehensive 
assessment. Consequently, several comprehensive concepts has been coined or 
applied. Such concepts include ‘Sustainability’. Since the United Nations conference 
on Environment and Development (UNCED), held in Rio de Janeiro in 1992, placed 
emphasis on the role of indicators for sustainable development, a variety of 
sustainability indicators and indices have been developed (Böhringer & Jochem, 
2007). In water management field, Locks (1997) proposed the Sustainability Index to 
evaluate and compare water management policies using essential performance 
parameters. The Watershed Sustainability Index, which incorporates hydrology, 
environment, life, and policy, can be an example of this comprehensive type of 
assessment (Chaves & Alipaz, 2007). Also, the Water Poverty Index (WPI) (Sullivan, 
2002) provides an integrated assessment of water stress and scarcity, linking 
physical estimates of water availability with socioeconomic variables. It has been 
applied in different scales (C. Sullivan et al., 2003; Sullivan et al., 2006b; Garriga & 
Foguet, 2010) and specific field (Forouzani & Karami, 2011). In order to perform 
comparative analysis of flood vulnerability of basins, Conner and Hiroki (2005) 
developed Flood Vulnerability Index (FVI) including four essential components: 
Meteorological, Hydrogeological, Socio-Economic, and Countermeasure.   
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6.3.2 Components of water security and related indices and indicators 
Some of the indices and their components can be rearranged according to their 
physical, environmental, economic and social natures (Table 6.1). While the 
importance of economic nature of water had relatively been underestimated until the 
fourth generation indicators, there was a meaningful approach to the economic 
interpretation of water issues among the second generation indicators. Taking into 
account economic differences between countries, the International Water 
Management Institute (IWMI) performed a water scarcity assessment which is 
characterised by the distinction of economic water scarcity from physical water 
scarcity  (Molden, 2007).  While a preceding research (Seckler et al., 1999) 
suggested three subgroups in economic water scarcity depend on the withdrawal 
projection for 2025 as a percentage of 1990, economic water scarcity in Molden’s 
assessment was categorised as ‘where countries having adequate renewable 
resources, with less than 25% of water from rivers withdrawn for human purposes, 
but where malnutrition exists’. Despite the fact that it contains the meaningful 
economic concept, its usage has been hindered due to the fact that it utilises only 
physical water indicators. Therefore, it is difficult to show the relationship between 
economic factors and water use directly, and to quantify the intensity of economic 
water scarcity. Moreover, it should be understood as ‘socially generated forms of 
scarcity’ (Mason & Calow, 2012) rather than ‘scarcity caused by economic factors’ 
because it involves various forms of water scarcity: managerial, institutional and 
political (Molle & Mollinga, 2003). This complicates the analysis of current water 
issues creating ambiguity in discerning causes. 
In turn, it can be seen that economic indices started to be adopted meaningfully in 
fourth generation indices. An example of sustainability index (Chaves & Alipaz, 2007) 
included income and expenditure, which could be categorised in economic indicators, 
although they were grouped in two different sets of indicators – life and policy– in 
their study. Human Development Index (HDI) (UNDP, 1990), which was used for a 
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policy indicator in the paper, also contains an economic element as a form of GDP 
per person. In the water poverty index, there were several economic indicators to 
consider economic power as income and inequality as GINI index. This coefficient 
has an important implication in water security studies, as inequality can reflect the 
intensity of vulnerability to water related risks. 
 
An evident advance of water security indices, categorised as the fifth generation, is 
the integration of the destructive nature of water such as flood risk. However this 
improvement was very limited, including only a few indicators related to flood: flood 
mortality risk and drainage (measured as the extent of economic damage caused by 
floods and storms), rainfall variability and climate vulnerability.  
 
The consideration of water-energy-food nexus is one of the notable changes among 
the improvement of indicators. In the fifth generation, water security indices began to 
include energy-related indicators (Utilization of total hydropower capacity, Ratio of 
hydropower to total energy supply) while the food-related indicators have been 
indirectly involved from the second generation indicators such as agricultural water 
use to the fifth such as productivity of irrigated agriculture, independence from 
imported water and goods, resilience (percentage of renewable water resources 
stored in large dams) and virtual water footprint. Although they have recognised the 
importance of agriculture, they still overlook the impact of the energy and food prices 
which play an important role in water-energy-food nexus. Given that the energy 
comprises around 50 to 75 % of the cost of freshwater produced through 
desalination and 70 % of the cost of groundwater (Dobbs et al., 2011), the price 
factors based on the nexus should be taken into account. 
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     Table 6.1 Comparison of water security related indicators/indices 
Category 
Physical 
Precipitation 
Supply/Protection 
Use 
Resource Access/system 
The first 
generation 
Drought 
Palmer Drought Severity 
Index (PDSI) 
(Palmer, 1965) 
•Precipitation • Potential evapotranspiration 
• Potential recharge 
• Potential loss 
• Potential runoff 
  
The second 
generation 
Hydrological   
Falkenmark 
(Falkenmark, 1989) 
 •Total annual runoff available 
for human use per capita 
    
Local index of water stress 
(Vörösmarty et al., 2005) 
 •River corridor discharge(Q) 
 
• Domestic water use(D) 
• Industrial water use(I) 
• Agricultural water use(A) 
Physical and economic 
water scarcity 
(Molden, 2007) 
   % of water from rivers withdrawn for 
human purposes 
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     Table 6.1 Comparison of water security related indicators/indices (continued) 
Category 
Physical 
Environmental Social Supply/Protection 
Use 
Resource 
The third 
generation 
Incorporation 
of Social 
Indicators 
Social water stress 
index 
(Ohlsson 2000) 
•Total annual runoff available for 
human use per 
capita(Hydrological water stress 
index: HWSI) 
    
• Human Development 
Index(HDI) 
Incorporation 
of 
Environmental 
Indicators 
Water Scarcity Index 
(Asheesh, 2007b) 
•Input into system(α) 
•Yearly evapotranspiration of 
water(h) 
  
•Annual domestic demand(ε) 
•Demand for green areas(γ) 
•Demand for irrigation(δ) 
•Industrial demand(p) 
•Estimated losses(k) 
•Water needed to 
maintain the 
environment (b) 
•Population growth 
rate(λ) 
•Population(β) 
Water Stress Index 
(V. Smakhtin et al., 
2004) 
•Mean annual runoff(MAR) 
  
•Withdrawals •Environmental 
water 
requirements 
(EWR) 
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  Table 6.1 Comparison of water security related indicators/indices (continued) 
Category 
Physical 
Economic Environmental Social Supply/Protection 
Use 
Resource Access/system 
The fourth 
generation 
Sustainability 
Index 
Watershed 
sustainability  
index 
(Chaves & 
Alipaz, 2007) 
Pressure 
•Variation in the 
basin's per capita 
water availability 
in the period(H) 
•Variation in the 
basin BOD5 in the 
period 
analysed(H) 
    •Variation in the 
basin per capita 
income in the 
period 
analysed(L) 
•Basin's EPI 
(Environmental 
performance 
Indicator)  (Rural and 
urban) in the period 
analysed(E) 
•Variation in the basin 
HDI-Education in the 
period analysed(P) 
State 
•Basin per capita 
water 
availability(long 
term average)(H) 
•Basin BOD5(long 
term average)(H) 
     •Percent of basin 
area with natural 
vegetation(E) 
•Basin HDI(Weighed 
by county 
population)(L) 
 
•Basin institutional 
capacity in IWRM(P) 
Response 
  •Improvement 
in sewage 
treatment/dispo
sal in the period 
analysed(H) 
 •Improvement 
in water-use 
efficiency in 
the period 
analysed(H) 
•Evolution in the 
basin's IWRM 
expenditures in 
the period 
analysed(P) 
•Evolution in basin 
conservation(percent 
of protected area, 
BMPs) in the period 
analysed(E) 
•Evolution in the 
basin HDI in the 
period analysed(L) 
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Table 6.1 Comparison of water security related indicators/indices (continued) 
Category 
Physical 
Economic Environmental 
Social 
(Capacity) 
Supply/Protection 
Use 
Resource  Access/system 
The fourth 
generation 
Lawrence Water  
poverty  
Index 
(P. Lawrence et 
al., 2002) 
• Internal freshwater 
flows                                                                                                                                                                                                                                 
• External inflows 
• % Population with 
access to clean water
• % population with 
access to sanitation 
• % population with 
access to irrigation 
adjusted by per capita 
water resources 
• Domestic water 
use in litres per day
• Share of water 
use by industry and 
agriculture adjusted 
by the sector's 
share of GDP 
• PPP(purchasing 
power parity) per 
capita income 
•GINI Index of 
income distribution 
• Water quality 
• Water stress(pollution)
• Environmental regulation and 
management 
• Informational 
capacity(Sustainable 
development information)  
• Biodiversity based on 
threatened species 
•Population 
•Education enrolment 
rates 
•Under-five  
mortality rates 
Heidecke Water 
Poverty Index 
(Heidecke, 
2006b) 
• Rainfall 
• Rainfall Variability 
• Groundwater 
•Access to drinking 
water 
•Access to sanitary 
facilities 
•Domestic water 
consumption 
•Animal water 
consumption 
•Irrigation water 
use 
•Household 
expenditures 
•Investments in the 
water sector 
•Forest/protected areas 
•Fertilizer use 
•Use of  Pesticides 
•Soil erosion 
•Illiteracy rate 
•Child mortality 
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Table 6.1 Comparison of water security related indicators/indices (continued) 
Category 
Physical 
Economic Environmental Social Supply/Protection 
Use 
Resource  Access/system 
The fifth 
generation 
Water Security 
Indicators 
(Mason & 
Calow, 2012) 
• Renewable 
water resources 
per capita 
• Relative water 
stress 
• Dynamic water 
resources per 
capita (A) 
 
• Access to drinking 
water 
• Access to sanitation 
• Water storage 
capacity 
• Flood mortality risk 
• Virtual water 
footprint (A) 
• Non-
sustainable 
water use (A) 
 
• Irrigated agricultural 
water productivity 
• Industrial water 
productivity 
• Agriculture 
production 
 
• Freshwater species 
• Water re-use index(A) 
• Environmental adjusted water 
stress(A) 
• Water quality (A) 
• River fragmentation and flow 
regulation (A) 
• Treated wastewater (A) 
 
Where, (A): Aspirational 
 
• Social Resource 
water stress 
• IWRM planning 
• International water 
governance 
• Water monitoring 
effort (A) 
• Protection of aquatic 
environments (A) 
• Water accounting (A) • Rainfall variability (A) 
• Climate vulnerability (A) 
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    Table 6.1 Comparison of water security related indicators/indices (continued) 
Category 
Physical 
Economic Environmental Social Supply/Protection 
Access/system 
The fifth 
generation 
Asian Water 
Development 
Outlook 
National Water 
Security Index 
 
(ADB & APWF, 
2013) 
• Access to piped 
water supply (%)(KD1) 
• Access to improved 
sanitation (%)(KD1) 
• Agricultural water 
resilience (percentage 
of renewable water 
resources stored in 
large dams) (KD2) 
• Water supply (%) 
(KD3) 
• Wastewater 
treatment (%) (KD3) 
• Drainage(measured 
as the extent of 
economic damage 
caused by floods and 
storms) (KD3) 
• Productivity of irrigated 
agriculture (KD2) 
• Independence from 
imported water and goods 
• Productivity (financial 
value of industrial goods 
relative to industrial water 
withdrawal) (KD2) 
• Consumption rate (net 
virtual water consumed 
relative to water withdrawn 
for industry) (KD2) 
• Utilization of total 
hydropower capacity(KD2) 
• Ratio of hydropower to 
total energy supply 
Resilience (KD2) 
 
 
Water resource development (KD4) 
• Dam density •River network fragmentation 
• Relative water consumption compared to supply  
• Agriculture sector water stress   
• Residency time change downstream from dams  
Watershed disturbance (KD4) 
• Cropland               •Imperviousness 
• Livestock density •Wetland disconnection  
Pollution (KD4) 
• Soil salinization  • Nitrogen  • Phosphorous 
• Mercury               •Pesticides  
• Total suspended solids  • Organic loads  
• Potential acidification 
•  Thermal impacts from power plant cooling 
Biotic factors (KD4) 
• Non-native species 
• Non-native species richness 
• Catch pressure          • Aquaculture 
• Hygiene (age-standardized disability-
adjusted life years per 100,000 people 
for the incidence of diarrhea) (KD1) 
 
• Hazard (KD5) 
• Exposure (KD5) 
• Basic population vulnerability  (KD5) 
• Hard coping capacities (KD5) 
• Soft coping capacities (KD5) 
 
Where,  
KD: Key dimension 
KD1: Household Water Security 
KD2: Economic Water Security 
KD3: Urban Water Security 
KD4: Environmental Water Security 
KD5: Resilience 
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6.3.3 Essential features and relevant indicators 
A wide review on the trend of water security topics and various water scarcity indices 
involves the following implications in developing water security indicators. All essential 
features are linked to the relevant indicators (Table 6.2). The main features are derived 
from the major categories of historic indicators sets and several features such as 
variability and uncertainty, economic relationship and inequality are included according 
to the key topic analysis. 
Table 6.2 essential features of water security assessment and relevant indicators 
Features Relevant Indicators 
Water Scarcity 
 Precipitation/Total annual runoff 
 Per capita water availability 
Basic supply and demand 
 Water demand/withdrawals 
 Access to clean water 
catastrophic events 
/Variability and uncertainty 
 Precipitation/Total annual runoff 
 Rainfall variability 
 Climate Vulnerability 
Economic relationship 
 Per capita income/PPP per income 
 Productivity 
Pollution prevention 
 Access to sanitary facilities 
 Environmental Water requirements 
Inequality 
 GINI index  
 Access to clean water/sanitary facilities 
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Based on the requirement for a simple index, several core indicators from each feature 
are selected and organised (Table 6.3). The real meat of the framework represents the 
availability of water in both physical and economic aspect.  
The basic components of the index are supply and demand. Water supply and usage 
represent physical supply and demand, while economic capability and water supply 
cost represent economic supply and demand.  They can therefore establish the 
foundation of the index. 
Table 6.3 Simplified framework and indicators for water security assessment 
 Physical Factors Economic Factors 
Availability 
 Renewable water resources (R) 
 Population (P) 
 GNI per person(G) 
 Water Tariff (T) 
Variability 
 Rainfall variability (Rv) 
 Population growth (Gp) 
 Credit Rating (C) 
Inequality 
 Access to drinking water supply(Ad) 
 Access to Sanitation(As) 
 GINI index of income 
distribution(I) 
 
The previous chapters suggested several thresholds to evaluate water security in terms 
of their availability and risks, which are the two basic components of water security 
definition. With the combination of two or three factors, a region can be categorised as 
absolute water scarcity zone and risks zone, factor-dependant zone and water security 
zone (Table 6.4).   
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Table 6.4 Thresholds for water security assessment depending on combinations 
of factors 
 Zone Physical Factors Economic Factors 
Availability 
Absolute water 
scarcity zone 
Economic water 
availability ≤ 3,000 
m3/capita/year 
Physical water 
availability ≤ 2,000 
m3/capita/year 
EWA dependant 
zone 
 
Economic water 
availability > 3,000 
m3/capita/year 
Physical water 
availability ≤ 2,000 
m3/capita/year 
PWA dependant 
zone 
 
Economic water 
availability ≤ 3,000 
m3/capita/year 
Physical water 
availability > 2,000 
m3/capita/year 
Risks 
Absolute water risks 
zone 
 
 GNI per capita  
< US$1,500 
GINI index 
dependent zone 
 
US$1,500 <   
GNI per capita  
< US$4,500 
GNI dependent 
zone 
40mm/month <  
Rainfall variance  
< 110mm/month 
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6.4 Discussion  
The first consideration to build the framework of water security index should be the 
urgent nature of water security, which is included in many indices. These indices have 
reflected the growing concerns about the emergency of water security, including 
demand and supply related indicators (Vörösmarty et al., 2005; Asheesh, 2007b), 
drought and flood risks related indicators(Palmer, 1965; Heidecke, 2006a; Chaves & 
Alipaz, 2007; Mason & Calow, 2012) , and water-energy-food nexus related indicators 
(ADB & APWF, 2013. The term ‘water security’ is likely to be agreed when it is applied 
to urgent issues because the term ‘security’ tends to prioritise it as a concept “beyond 
normal politics” or “beyond public debate” (Schmitt, 1985; Williams, 2003). The three 
major categories have proved their urgent nature in many water management reports: 
absolute water scarcity (Seckler et al., 1999) and the gap between water supply and 
demand (2030 Water Resources Group, 2009); risks leading to catastrophic events 
caused by drastic climate change (Morrison et al., 2009; OECD, 2013); and rapid 
economic impacts on resource based on water-energy-food nexus (Dobbs et al., 2011). 
A framework of indicators based on these categories enables water security discourses 
to ensure a broad consensus on the significance of water security. 
 
Another desirable feature of water security framework is simplicity. Falkenmark’s 
indicator (Falkenmark et al., 1989) has been widely used as it can be easily calculated 
(Steduto et al., 2012) while the integration of multi-dimensional index has always faced 
conceptual and practical issues such as arbitrarily using an equal weighting for value 
judgement (Moldan et al., 1997). Given that water security requires discussions and 
approvals as a public policy, simplicity is likely to be a crucial element of water security 
indicator, ensuring better communication with the public. On the premise that an index 
or indicator properly represents the key traits of water security, a simple index can be 
more useful because it is more intuitive and easily understood. For this reason, only the 
major and representative factors of water security should be chosen to ensure simplicity. 
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For example, OECD developed key environmental indicators (KEI), which are a 
reduced set of core indicators, were developed to communicate with the general public 
and provide key signals to policy makers. 
 
Variability and uncertainty, which is mainly related to climate change, has been a 
growing concern in many water management researches, focusing on hydrological 
variability (Milly et al., 2008) and uncertainty (WWAP, 2012). There also have been 
several efforts to involve this trend into water security with a risk-based approach 
(OECD, 2013) or integration of rainfall variability indicators (Mason & Calow, 2012).  
 
These characteristics should not be overlooked in developing water security indicators 
because they reflect current major concerns. In this regards, economic volatility is also 
a crucial factor as water has increasingly interwoven with energy and food in global 
resources market (Dobbs et al., 2011). 
A practical water security index needs to reflect economic considerations of water 
security as economic power of a region generally determine their water infrastructure, 
allowing them to overcome climatic handicap. Once the economic capabilities are taken 
into account, many countries which were categorised as water scarce countries could 
be lifted out of the stigma. Thus, many indices have employed economic indicators 
(Lawrence et al., 2002; Heidecke, 2006a; Sullivan et al., 2006a; Chaves & Alipaz, 2007; 
Mason & Calow, 2012; ADB & APWF, 2013) as dependant indicators.  
There have been many indices containing environmental concerns (Smakhtin et al., 
2004; Heidecke, 2006a; Sullivan et al., 2006a; Asheesh, 2007b; ADB & APWF, 2013). 
However, amid water scarcity, the water demands of population naturally outweigh 
environmental water demands. In explaining actual water scarcity status, environmental 
demand could be treated as a relatively minor factor. For instance, in the arid area, 
free-water requirements for wildlife have been poorly understood. (Krausman et al., 
2006).  
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Finally, inequality should be highlighted because it is a significant source of tension in 
human society (Milanovic, 2007). There have been conflicts over water in many forms. 
Although it is difficult to discern their causes clearly, part of them possibly attribute to 
the perception of inequality and change of people’s aspirations. This constitutes a novel 
part of water security assessment which should be included into the indicator 
framework. 
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6.5 Conclusion  
Along with the increasing trend of water security studies, there have been considerable 
advances to provide practical methods to assess water security. Given that the term 
‘security’ implies the important issues beyond public debate or normal politics, ‘water 
security’ requires the public consensus on whether water security should have priority 
over other issues. This consensus can be achieved by sufficient communication 
between policy makers and the public. Thus, it is important to harness an effective 
water security index. 
 
Several desirable features of the index can be found based on the trend of water 
security studies and the analysis of related indicators. The first consideration is the 
urgent nature of water security. The index should focus on the risks such as 
catastrophic events caused by climate change, which leads to a broad consensus on 
the significance of water security. Another desirable feature of water security indicator 
is simplicity. A simple set of key indicators provides intuitive result of assessment on 
water security, ensuring effective communication. Thirdly, variability and uncertainty 
should be a major feature. In this regard, economic volatility is also a crucial factor as 
water has increasingly interwoven with energy and food prices. Fourthly, the indicators 
need to reflect economic considerations of water security as economic power of a 
region generally determine its level of water infrastructure. Finally, inequality should be 
highlighted because water is a significant source of tension in human society and the 
conflicts partially attributed to the perception of inequality. 
 
This research suggests a simplified framework for water security assessment, which 
consists of two dimensions: physical and economic; availability, variability and 
inequality. The framework is more practical as they are simple, requiring less effort to 
assess water security. Moreover, its desirable features based on the research trend 
and requirements to interpret current issues enable policy makers to persuade general 
public effectively. 
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7. Overall Discussion 
7.1 water security: definition and emerging trend  
‘Water security’, with its integrated nature, can be a robust concept in explaining 
many emerging issues: economic nature of water, flood risk and the water-
energy-food nexus. It, however, is likely to face an impasse in widening its 
application to practicable use as it influences human society on a regional basis 
depending on watershed and climate. This nature gives us flexibility but, at the 
same time, is criticised for leading us into obscurity or a logical Cul-de-sac in 
practice, requiring a demanding process to reach a consensus on the topic, 
especially where there is a significant competition for water resource. To tackle 
the problem, the ‘Integrated water security plan’, in which all the stakeholders 
participate to achieve a consensus on several crucial subjects, was suggested: 1) 
defining the water security for the specific region and setting the priority of water 
security issues in the decision making process, 2) establishing the level of water 
security based on an agreed set of water security indicators and 3) estimating 
the impacts of water related risks and demands for each stakeholder. 
There have been various reasons for conflicts over water between different 
sectors and livelihood groups put forward. The evidence shows that water has 
been closely related to the security of nations: a military, or terrorism, tool and 
target; development dispute; or political tool. Therefore, water security can be 
accepted as an urgent and catastrophic issue in various circumstances. 
Moreover, water seems primus inter pares among the nexus of water, energy 
and food. Given that food security and energy security have been established 
terms, water security should also be one of them. 
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7.2 Water withdrawal: Physical and economic analysis 
This study has introduced EWA as an assessment component of ‘Water 
Security’. Economic availability of water is an essential element or dimension of 
water security, especially under physical water scarcity. Findings have 
demonstrated a close relationship between EWA and water withdrawal under 
conditions of low physical water availability, and between physical availability 
and water withdrawal under conditions of low economic water availability. There 
are many impact factors that can affect water withdrawals that the physical and 
economic analysis cannot explain, yet it still has a significant utility in countries 
which are deficient in physical and/or economic water availability.  
The most crucial implication of the EWA is that it provides a comprehensive 
indicator of water security in the context of water, energy and food nexus. This is 
because EWA can reflect the relative margin in competition with other resources, 
flexibility of transition to other resources and price correlation. Additionally, the 
transition from one resource to another generally requires a significant amount of 
economic power, which can be represented by GNI, an element of EWA. If a 
country has enough EWA, a resource of high availability can easily be used to 
attain access to a resource of low availability as in the desalination plant in the 
Middle East, where abundant supplies of oil are providing the energy required to 
desalinate water to meet demand.  
The analysis of EWA is useful in investigating not only the potential economic 
risks but also the consequences and appropriate countermeasures. A number of 
developing countries do not have economic resilience in managing water, which 
leads to a compulsory relocation of their population from underdeveloped to 
more developed areas, or a reduction in their water consumption rates. Price rise 
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caused by the reduction of subsidies or by shortages of resources should be 
carefully considered. As rising resource prices disproportionately hit the 
countries which have low purchasing power, there is growing concern about 
inequality of resources (Dobbs et al., 2011).  
In addition, the physical economic position in relation to availability can suggest 
appropriate options for water supply. Countries with high economic availability 
but low physical availability of water can afford to invest in capital intensive 
technologies with high operational costs. By contrast, countries with high 
physical availability but low economic availability require labour intensive 
technologies that will boost their economy. 
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7.3 Water related risks: Physical and economic analysis 
This study found that there is a range showing strong relationships between water 
related disasters and two economic factors: GNI per person and GINI index. Correlation 
Analysis give supporting evidence for the assumption previously mentioned – damages 
from water disasters related to income as well as economic inequality.  
A significant number of studies have proved that lower socioeconomic status and ethnic 
minorities have been more exposed to environmental risks (Brulle & Pellow, 2006; 
Walker, 2006; Mohai et al., 2009). While many of them mainly have focused on air 
pollution, hazardous waste and undesirable land uses, few studies have considered 
water related risks, including water scarcity, in the dimension of water security and on a 
global scale. This study is the first effort to link water security to economic inequality on 
a global scale. High inequality is likely to be an important signal of water insecurity. This 
result implies that political decision making to tackle water related risks should consider 
the economic status of people.  
It is difficult to find a general trend of the relationship between water disasters and GNI 
per capita because of the complex natures of three different water related disasters. Yet, 
there is a clear range where water disasters are closely correlated with GNI per capita 
according to the correlation analysis. Low average income of countries, in a global level, 
also influences on the vulnerability to water related disasters. If GINI index of each 
country are inevitable factors in a national level in assessing national water security, 
global inequalities between countries are also important in a global level. This allows us 
to form a practical framework to evaluate global water security, providing quantitative 
thresholds to discern water security area.  
Policy makers can utilise this to prepare for long term plan to address extreme water 
disasters. 
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With the increasingly unpredictable climate, it is widely accepted that climate change 
already became a real threat. This impact is likely to impose more damages on the 
vulnerable poor communities and countries. 
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7.4 A simplified framework for water security assessment 
The first consideration to build the framework of water security index should be 
the urgent nature of water security, which is included in many indices. The term 
‘water security’ is likely to be agreed when it is applied to urgent issues because 
the term ‘security’ tends to prioritise it as a concept “beyond normal politics” or 
“beyond public debate” (Schmitt, 1985; Williams, 2003).  
 
Another desirable feature of water security framework is simplicity. Falkenmark’s 
indicator (Falkenmark et al., 1989) has been widely used as it can be easily 
calculated (Steduto et al., 2012) while the integration of multi-dimensional index 
has always faced conceptual and practical issues such as arbitrarily using an 
equal weighting for value judgement (Moldan et al., 1997). Given that water 
security requires discussions and approvals as a public policy, simplicity is likely 
to be a crucial element of water security indicator, ensuring better 
communication with the public. On the premise that an index or indicator 
properly represents the key traits of water security, a simple index can be more 
useful because it is more intuitive and easily understood. 
 
Variability and uncertainty, which is mainly related to climate change, has been a 
growing concern in many water management researches, focusing on 
hydrological variability (Milly et al., 2008) and uncertainty (WWAP, 2012). There 
also have been several efforts to involve this trend into water security with a risk-
based approach (OECD, 2013) or integration of rainfall variability indicators 
(Mason & Calow, 2012).  
 
A practical water security index needs to reflect economic considerations of 
water security as economic power of a region generally determine their water 
infrastructure, allowing them to overcome climatic handicap. Once the economic 
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capabilities are taken into account, many countries which were categorised as 
water scarce countries could be lifted out of the stigma.  
 
Finally, inequality should be highlighted because it is a significant source of 
tension in human society (Milanovic, 2007). There have been conflicts over 
water in many forms. Although it is difficult to discern their causes clearly, part of 
them possibly attribute to the perception of inequality and change of people’s 
aspirations. This constitutes a novel part of water security assessment which 
should be included into the indicator framework. 
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7.5 The implication of physical and economic thresholds of water 
security  
The previous chapters found several thresholds to evaluate water security in terms of 
their availability and risks, which are the two basic components of water security 
definition. With the combination of two or three factors, the physical and economic 
analysis categorised absolute water scarcity zone and risks zone, factor-dependent 
zone and water security zone (Table 7.1).  
Table 7.1 Thresholds for water security assessment depending on combinations 
of factors 
 Zone Physical Factors Economic Factors 
Availability 
Absolute water 
scarcity zone 
Economic water availability 
≤ 3,000 m3/capita/year 
Physical water 
availability ≤ 2,000 
m3/capita/year 
EWA dependent 
zone 
Economic water availability 
> 3,000 m3/capita/year 
Physical water 
availability ≤ 2,000 
m3/capita/year 
PWA dependent 
zone 
Economic water availability 
≤ 3,000 m3/capita/year 
Physical water 
availability > 2,000 
m3/capita/year 
Risks 
Absolute water risks 
zone 
 
 GNI per capita  
< US$1,500 
GINI index 
dependent zone 
 
US$1,500 <   
GNI per capita  
< US$4,500 
GNI dependent zone 
40mm/month <  
Rainfall variance  
< 110mm/month 
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1) Implication of EWA dependent zone  for water industry 
 
In the EWA dependent zone, it was found that EWA controls the water security, 
limiting water use. However, for businesses, this trend can be a potential 
opportunity. In the zone, water resources are practically unlimited because 
economic capability can create new water resources. Many water supply 
systems in the Middle East are indicative of this, given the frequent use of 
desalination plants and mega water infrastructure. The global desalination 
market has recently shown dramatic growth. According to Global Business 
Intelligence’s prediction, the global cumulative contracted capacity will grow to 
reach 195.8 million m3/day by 2020 (GBI, 2010 and  many studies have 
focussed on predicting and analysing the physical availability of fresh water 
resources (Arnell, 2004; Alcamo et al., 2007, Arnell et al., 2011). The equation 
developed in this study can be used to predict water demand and market 
potential depending on GNI per person. 
 
2) Implication of PWA dependent zone on water management policy. 
It is suggested that the physical and economic indicators shows whether the 
economic development or investment for water facilities should have priority in 
government spending. Furthermore, within the ranges of PWA dependent zone, 
water withdrawal can be predictable by PWA. Water issues are actually ‘an 
urgent security issue’ in the areas despite the limitation of range. Moreover, the 
physical economic position in relation to availability can suggest appropriate 
options for water supply. While countries with high economic availability but low 
physical availability of water can afford to invest in capital intensive technologies 
with high operational costs, the countries with high physical availability but low 
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economic availability, such as the countries in the PWA dependent zone, require 
labour intensive water technologies that will boost their economy. 
 
3) Implication of GINI dependent zone  on water management and economic 
policy 
 
Water policies based on conventional frameworks, which consist of 
improved/unimproved indicators, might not necessarily ensure the 
improvements in the poorest and most vulnerable stratum of a country. 
Therefore, the physical and economic analysis would encourage balanced 
and most effective investment. 
Despite this limited range and applicability, the zones provide significant 
advantages to economic policy makers. They can utilise the equations to 
prepare for long term plan to address extreme water disasters. For example, 
a country with GNI per person between $1,500 and 4,500 can set a GINI 
index goal with its GNI per person target in order to eliminate poverty. 
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7.6 Discussions 
Environmental issues including water security sometimes appears to be ‘wicked 
(Mason & Mitroff, 1981)’ or ‘ill-structured/ill-defined (Yadav & Khazanchi, 1992)’ 
because they contain competing interests, uncertain causes and results, various 
trade-offs, multiple points of view, interwoven relationships (Bonnicksen, 1996). 
Therefore, solution to these wicked and ill-structured problems should be based 
on consensus and consequential cooperation.  In this regards, simple and robust 
indicators can be used to communicate on the issues, forming a consensus on 
their priorities and proper decision makings for solutions. 
In achieving consensus on water issues, simplicity and clear threshold matter. 
The Falkenmark indicator (Falkenmark, 1989), with its simple categories and 
threshold, is often regarded as the most widely utilised indicator in assessing 
water stress although it is too simple to consider other major factors such as 
water supply facilities. In practice, Water conservation scheme, which is a major 
water policy in South Korea, was devised based on the fact that the country was 
categorised as a water stress country (DOE, 2004) even though there were 
disputes on the legitimacy of the policy and background.  
This study developed several indicators with thresholds which created on the 
statistical basis. An assessment of a country gives unequivocal message to the 
question whether the country should place higher priority on water security or not, 
which many environmental policies often encounter. In the water risk zones of 
this study, the term water security is likely to be accepted more easily, as the 
‘security’ concept contains “beyond normal politics” or “beyond public debate” 
(Schmitt, 1985, Williams, 2003).  
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Another advantage of this assessment framework is its implication in finding 
solutions to achieve water security. For example, a country located in the GINI 
index dependent zone can consider the water related disasters as one of the 
inequality issues, which suggests an importance of economic solution to target at 
inequality. Moreover, the water security issue can gain a higher priority than in 
the past when it was discounted as a problem only related to physical water 
infrastructure.  
The complex nature of water security requires integrated policies. This 
assessment method of water security found the combination sets of factors, and 
therefore related policies, depending on the physical and economic 
environments.  
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7.7 Recommendations for future work 
There are several outstanding limitations to be tackled and suggestions in order 
to reach practical level.  
 
1) The first limit was the fact that a restricted range of factors were examined. 
More water risk zone can be found in analysing with various sets of factors. In 
addition, cause and effect relationship of several factors should be manifested by 
further in-depth studies. For example, water related risks influence national 
economy while economic crisis might have an important impact on water security, 
leaving the poor under water related risks. 
 
2) The proposed framework and indicators should be calibrated by wide range of 
empirical case studies although they were derived from actual data. Various 
forms of application set can be suggested for the case studies. These indicators 
can be used for assess world water security for chronological monitoring 
purpose, apart from serving to compare water security of countries.  
 
3) Efforts are still required to achieve a broader recognition and consensus on 
water security issues. The water security indicators have an appropriate range 
which should be applied, indicating that several dominant factors should be 
controlled to secure water availability and people from water related disaster. To 
ensure water security, the applicability and significance of the suggested 
indicators should be evaluated and discussed within the boundaries of 
stakeholders: in a country, a basin and a global level. In turn, a guideline to settle 
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water conflicts between citizens and countries based on their consensus on 
water security should be developed. 
 
4) Even though many data used in the framework are common and readily 
accessed, several data such as water price are still difficult to access and need 
to be regularly collected in a standard form. The information from the case 
studies and the development of guideline can provide crucial knowledge to 
design database.  
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8. Conclusions  
With the increasing water-related challenges, many concepts and definitions 
have been developed in the water management field. However, the complex 
nature of water requires a comprehensive concept dealing with various emerging 
issues. Water security, with its implication of urgency, is an appropriate 
alternative to those previous terms because its definition can encompass all the 
emerging problems such as climate change and consequential water related 
disasters; economic impacts; and water-food-energy nexus. 
This study used physical and economic analysis to assess the water security, 
clarifying its impact factors and proper range to be applied in two dimensions: 
water availability and water related risks which are the fundamental natures of 
water security. In analysing water availability and use, findings indicate that EWA 
dominates water withdrawal under conditions of severe physical water scarcity. 
Likewise, it can be concluded that there is a range showing strong positive 
relationship between EWA and water withdrawal. In terms of water related risks, 
two economic factors, GNI per person and GINI index, correlate to water 
disasters only in a limited range. In spite of this limitation, the study provides 
important evidence which shows lower income and higher economic inequalities 
mean higher possibility of exposure to water related disasters. 
According to these findings, this research suggests a simplified framework for 
water security assessment, which consists of two sets of dimensions: physical 
and economic dimension; availability, variability and inequality dimension. The 
framework is more practical as they are simple, requiring less effort to assess 
water security, and accompanied by measurable thresholds to discern the 
applicable range and water secured areas. 
As water disasters have integrated impacts on economy, infrastructure, food and 
human health, the policies to cope with the water disasters require a broad 
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consensus. For this, the simplified framework with measurable threshold can be 
readily accepted in achieving social consensus on the water security issues as 
well as in deciding proper adaptation solutions to the change of water 
environment. 
The physical and economic analysis, which developed to address the need for 
water security assessment, found to be a diagnostic tool finding the weakest 
areas and factors in terms of water risks and availability. Also, the unfolding 
inequality of water security between the rich and the poor, both in a country level 
or in an international level, showed a clear target to achieve global water security.  
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10. Appendices 
 
A1 Publication trends of water security related concepts 
 
Source: Web of Science  
Research are: Water resources  
1. No. of publications related water security concepts
Research Areas 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Water Scarcity 87 108 86 131 165 173 225 241 219 240
Water Security 30 42 42 51 71 64 65 76 108 133
Water Stress 17 22 21 37 37 42 51 79 62 57
Water Poverty 2 2 4 6 4 6 11 10 8 9
* water stress excludes the following research areas : agriculture, forestry, plant sciences
2. No. of publications related general water management terms
Research Areas 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Water Resources 1561 1905 1599 2081 2139 2170 2436 2478 2626 2377
Water Management 3894 4648 4148 5152 5852 5808 6735 6817 7048 5810
3. Proportion of water security related publications in water resources publications
Research Areas 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Water Scarcity 5.6 5.7 5.4 6.3 7.7 8 9.2 9.7 8.3 10.1
Water Security 1.9 2.2 2.6 2.5 3.3 2.9 2.7 3.1 4.1 5.6
Water Stress 1.1 1.2 1.3 1.8 1.7 1.9 2.1 3.2 2.4 2.4
Water Poverty 0.1 0.1 0.3 0.3 0.2 0.3 0.5 0.4 0.3 0.4
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A2 The Objectives of the use of water security term 
 
 
People Environment Economy
Nation/
Facilities
Increasing 
demand
Scarcity 
or 
Drought
Flood /
Storm
Economic 
crisis
Pollution/
quality
Attack
/ Terror/
Natural 
disaster
Food Energy
1
Global threats to human water security and 
river biodiversity
O O O
2
Sink or Swim? Water security for growth and 
development
O O O O O O O
3
Taking the Waste Out of Wastewater for 
Human Water Security and Ecosystem 
Sustainability
O O
4
Water security: Debating an emerging 
paradigm
O O O O O O O O O O O
5 Towards better water security in North China O O O O
6
Water Security: Research Challenges and 
Opportunities
O O O O O O O O O O
7
Water security problem in North China: 
Research and perspective
O O O O O O
8
Water security in North China and 
countermeasure to climate change and human 
activity
O O O O   
9
Water security for a planet under pressure: 
interconnected challenges of a changing world 
call for sustainable solutions
O O O O O O O
10
Virtual water 'flows' of the Nile Basin, 1998-
2004: A first approximation and implications 
for water security
O O O O O
11 Achieving water security for Asia O O O O O O
12
Food and water security in a changing arctic 
climate
O O O O
13
The biological threat to US water supplies: 
Toward a national water security policy
O O O
14
Rapid analytical techniques for drinking water 
security investigations
O O
15
Water security assessment in Haihe River Basin 
using principal component analysis based on 
Kendall tau
O O O O
16 The Global Web of National Water Security O O O O O O
No. Title
Securing water for Controlling Risks from Managing nexus with
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A2 The Objectives of the use of water security term (continued) 
 
People Environment Economy
Nation/
Facilities
Increasing 
demand
Scarcity 
or 
Drought
Flood /
Storm
Economic 
crisis
Pollution/
quality
Attack
/ Terror/
Natural 
disaster
Food Energy
17
Ground Water Security and Drought in Africa: 
Linking Availability, Access, and Demand
O O O O
18
Water security in one blue planet: twenty-first 
century policy challenges for science
O O O O O O O
21
The Nile Basin Cooperative Framework 
Agreement Negotiations and the Adoption of a 
'Water Security' Paradigm: Flight into Obscurity 
or a Logical Cul-de-sac?
O O O O O
22 Water security in Uzbekistan: Implication of 
return waters on the Amu Darya water quality
O O O
23
Water security: Old concepts, new package, 
what value?
O O O O O
24
Impact of Climate and Land-Use Changes on 
Water Security for Agriculture in Northern 
China
O O
25
Hydrocentricity: A limited approach to 
achieving food and water security
O
26
Water security in the Canadian Prairies: 
science and management challenges
O O O O
27
Water Security and Adaptive Management in 
the Arid Americas
O O O
28
Water security: why it matters and what to do 
about it.
O O O
29
Decision support tool seeks to aid stream-flow 
recovery and enhance water security
O O O
30 We need to get strategic on water security O O
31
Growing water scarcity in agriculture: future 
challenge to global water security
O O O O O
32
A cost-effectiveness analysis of water security 
and water quality: impacts of climate and land-
use change on the River Thames system
O O
33
Science-Policy Dialogues for Water Security: 
Addressing Vulnerability and Adaptation to 
Global Change in the Arid Americas
O O O O O
34 Water security for Kuwait O O
Managing nexus with
No. Title
Securing water for Controlling Risks from
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A2 The Objectives of the use of water security term (continued) 
 
People Environment Economy
Nation/
Facilities
Increasing 
demand
Scarcity 
or 
Drought
Flood /
Storm
Economic 
crisis
Pollution/
quality
Attack
/ Terror/
Natural 
disaster
Food Energy
37
Climate change and water security: Estimating 
the greenhouse gas costs of achieving water 
security through investments in modern 
irrigation technology
O O
38 Water security problems in Canada's oil sands O O O
39
Modelling indicators of water security, water 
pollution and aquatic biodiversity in Europe
O O
40
Evaluation of water security: an integrated 
approach applied in Wuhan urban 
agglomeration, China
O O O O O O
41
Comprehensive assessment of water security 
for inland watersheds in the Hexi Corridor, 
Northwest China
O O O O
42
Biological control experiment of excess 
propagation of Cyclops for drinking water 
security
O O
43
Water security: Shifting to an all-hazards 
resiliancy approach
O O
44
Is water security necessary? An empirical 
analysis of the effects of climate hazards on 
national-level economic growth
O O O
45
Plenty of water, not enough strategy How 
inadequate accessibility, poor governance and 
a volatile government can tip the balance 
against ensuring water security: The case of 
Nepal
O O O O O O
46
Study on risk assessment of water security of 
drought periods based on entropy weight 
methods
O
47
Spatio-temporal variation of stable isotopes of 
river waters, water source identification and 
water security in the Heishui Valley (China) 
during the dry-season
O
48
Drinking Water Security and Public Health 
Disease Outbreak Surveillance
O O
49
Water Security: A Growing Crisis and the Link 
to Energy
O O O O
50
Drinking water contamination - Warning 
systems: Water utilities driving water security 
research
O O
38 24 20 7 7 38 14 0 12 7 16 9
No. Title
Securing water for Controlling Risks from Managing nexus with
Total
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     A3 physical-economic water availability 
 
 
Country Name
Water withdrawals per 
person (m3/capita/yr)
Water resources: total 
renewable per capita 
(actual) (m3/inhab/yr, 
2007)
Economically Available 
Water(m3/inhab/yr)
Algeria 176 344 26923
Argentina 828 20677 19148
Armenia 946 2527 4649
Australia 1074 23295 9537
Austria 441 9350 11773
Azerbaijan 1423 3932 10037
Bahrain 346 125 239143
Belarus 454 5962 11649
Belgium 585 1736 8989
Botswana 101 6349 10642
Brazil 306 43378 3389
Bulgaria 821 2788 5090
Canada 1396 88001 24591
Chile 680 55432 7496
China 420 2101 4593
Czech Republic 164 1275 4921
Denmark 104 1097 6295
Ecuador 1069 30643 6620
Egypt, Arab Rep. 920 745 23286
Estonia 1339 9538 5126
Ethiopia 69 1570 733
Finland 309 20794 13943
France 494 3417 9534
Georgia 413 14341 9087
Germany 393 1866 5634
Greece 846 6596 15911
Honduras 166 13400 14727
Hungary 556 10355 4024
India 527 1628 10667
Indonesia 491 8685 2147
Israel 272 257 13864
Italy 765 3215 24135
Japan 705 3399 20807
Jordan 166 165 6184
Kazakhstan 1338 6946 20750
Kenya 72 819 1912
Korea, Rep. 524 1467 32523
Latvia 181 15535 6516
Lithuania 704 7369 5929
Luxembourg 125 6513 14074
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     A3 physical-economic water availability (continued) 
Country Name
Water withdrawals per 
person (m3/capita/yr)
Water resources: total 
renewable per capita 
(actual) (m3/inhab/yr, 
2007)
Economically Available 
Water(m3/inhab/yr)
Madagascar 758 17756 4714
Malaysia 493 21441 26400
Mali 514 7132 1111
Mexico 695 4186 41524
Moldova 535 3173 2698
Mongolia 165 13257 5000
Morocco 411 935 6135
Nepal 377 7408 691
Netherlands 700 5534 17410
New Zealand 1124 77268 7504
Nigeria 70 1948 2233
Norway 624 80898 19530
Oman 514 547 9922
Pakistan 1053 1501 28333
Panama 129 44166 11472
Peru 683 67919 8425
Philippines 888 5403 3974
Poland 333 1613 3121
Portugal 798 6476 12404
Qatar 385 49 52430
Romania 391 9790 5449
Russian Federation 466 31460 9256
Rwanda 15 978 556
Saudi Arabia 913 94 531000
Serbia 536 16495 6723
Singapore 41 131 9854
Slovak Republic 127 9225 5542
South Africa 259 1052 5189
Spain 727 2500 15806
Sri Lanka 646 2605 77000
Sweden 286 18994 26150
Switzerland 346 7112 10696
Syrian Arab Republic 857 870 30833
Turkey 577 3023 3484
Ukraine 827 3016 3894
United Arab Emirates 690 28 19514
United Kingdom 213 2405 12462
United States 1588 10153 22232
Uzbekistan 2084 1844 76000
Vietnam 974 10400 5267
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A4 Water use patterns depending on PWA and EWA groups  
■ Group A (PWA below 2,000 m3/capita/day and EWA over 3,000 m3/capita/day) 
 
Country Name
Annual 
freshwater 
withdrawals, 
total (billion 
cubic meters, 
2009)
Agricultural 
Water Use 
(%)
Domestic 
Water Use 
(%)
Industrial
Water Use 
(%)
Population, 
total, 2007
Water 
withdrawals per 
person 
(m3/capita/yr)
Agricultural 
Water 
withdrawals  per 
person
(m3/capita/yr)
Domestic
Water 
withdrawals  per 
person
(m3/capita/yr)
Industrial
Water 
withdrawals  per 
person
(m3/capita/yr)
GNI per capita, 
Atlas method 
(current US$, 
2007)
Costs in US$ per 
cubic metre of 
water
Economically 
Available 
Water(m3/inha
b/yr)
Water resources: 
total renewable 
per capita 
(actual) 
(m3/inhab/yr, 
2007) 
Algeria 6.2 64.0 22.5 13.5 35097043 176 112.6 39.6 23.8 3500 0.13 26923 344
Bahrain 0.4 44.5 49.8 5.7 1032353 346 154.1 172.2 19.7 16740 0.07 239143 125
Belgium 6.2 0.6 11.7 87.7 10625700 585 3.5 68.5 513.0 41440 4.61 8989 1736
Czech Republic 1.7 1.8 41.7 56.5 10334160 164 2.9 68.4 92.7 14910 3.03 4921 1275
Denmark 0.6 20.5 71.4 8.1 5461438 104 21.4 74.3 8.4 54700 8.69 6295 1097
Egypt, Arab Rep. 68.3 86.4 7.8 5.9 74229577 920 794.7 71.4 53.9 1630 0.07 23286 745
Germany 32.3 0.3 15.9 83.9 82266372 393 1.0 62.4 329.6 39440 7.00 5634 1866
India 610.4 91.5 6.9 1.6 1159095250 527 482.1 36.3 8.6 960 0.09 10667 1628
Israel 2.0 57.8 36.4 5.8 7180100 272 157.2 99.1 15.7 22460 1.62 13864 257
Jordan 0.9 65.0 31.0 4.1 5661000 166 107.8 51.4 6.8 3030 0.49 6184 165
Korea, Rep. 25.5 62.0 26.0 12.0 48598000 524 325.0 136.2 62.7 21140 0.65 32523 1467
Morocco 12.6 87.3 9.8 2.9 30667086 411 358.8 40.3 11.7 2270 0.37 6135 935
Oman 1.3 88.4 10.1 1.4 2569739 514 454.5 52.1 7.4 15180 1.53 9922 547
Pakistan 172.6 94.3 3.7 2.0 163928329 1053 992.6 39.0 21.2 850 0.03 28333 1501
Poland 12.7 8.8 29.0 62.2 38120560 333 29.5 96.6 207.0 9800 3.14 3121 1613
Qatar 0.4 59.0 39.2 1.8 1152459 385 227.2 150.9 6.9 63440 1.21 52430 49
Saudi Arabia 23.7 88.0 9.0 3.0 25915624 913 803.4 82.2 27.4 15930 0.03 531000 94
Singapore 0.2 4.0 45.0 51.0 4588600 41 1.6 18.5 20.9 33800 3.43 9854 131
South Africa 12.5 62.7 31.2 6.0 48257282 259 162.4 80.9 15.7 5760 1.11 5189 1052
Syrian Arab 
Republic
16.8 87.5 8.8 3.7 19561477 857 750.1 75.4 31.5 1850 0.06 30833 870
United Arab 
Emirates
4.0 82.8 15.4 1.7 5797347 690 571.6 106.5 11.9 42150 2.16 19514 28
Uzbekistan 56.0 90.0 7.3 2.7 26868000 2084 1875.6 152.6 55.8 760 0.01 76000 1844
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■ Group B (PWA over 2,000 m3/capita/day and EWA over 3,000 m3/capita/day) (1) 
 
 
 
Country Name
Annual 
freshwater 
withdrawals, 
total (billion 
cubic meters, 
2009)
Agricultural 
Water Use 
(%)
Domestic 
Water Use 
(%)
Industrial
Water Use 
(%)
Population, 
total, 2007
Water 
withdrawals per 
person 
(m3/capita/yr)
Agricultural 
Water 
withdrawals  per 
person
(m3/capita/yr)
Domestic
Water 
withdrawals  per 
person
(m3/capita/yr)
Industrial
Water 
withdrawals  per 
person
(m3/capita/yr)
GNI per capita, 
Atlas method 
(current US$, 
2007)
Costs in US$ per 
cubic metre of 
water
Economically 
Available 
Water(m3/inha
b/yr)
Water resources: 
total renewable 
per capita 
(actual) 
(m3/inhab/yr, 
2007) 
Argentina 32.6 66.1 21.7 12.2 39331357 828 547.1 179.8 101.0 5170 0.27 19148 20677
Armenia 2.8 65.8 29.8 4.4 2989882 946 622.1 282.1 41.8 2650 0.57 4649 2527
Australia 22.6 73.8 15.6 10.6 21015900 1074 792.4 167.4 114.2 36910 3.87 9537 23295
Austria 3.7 2.7 18.3 79.0 8300788 441 12.1 80.6 348.4 42500 3.61 11773 9350
Azerbaijan 12.2 76.4 4.3 19.3 8581300 1423 1087.3 60.7 275.1 2710 0.27 10037 3932
Belarus 4.3 19.4 26.9 53.8 9560000 454 87.9 122.0 244.1 4310 0.37 11649 5962
Botswana 41.2 40.7 18.0 1915187 0 0.0 0.0 0.0 5640 0.53 10642 6349
Brazil 58.1 54.6 28.0 17.5 189996976 306 167.0 85.5 53.4 6100 1.80 3389 43378
Bulgaria 6.3 17.6 16.3 66.1 7659764 821 144.2 133.9 542.9 4530 0.89 5090 2788
Canada 46.0 11.8 19.6 68.7 32927517 1396 164.3 273.1 958.8 40330 1.64 24591 88001
Chile 11.3 70.3 9.2 20.5 16668892 680 477.9 62.5 139.3 8620 1.15 7496 55432
China 554.1 64.6 12.2 23.2 1317885000 420 271.4 51.2 97.5 2480 0.54 4593 2101
Ecuador 15.3 91.5 6.0 2.5 14268397 1069 978.6 63.6 27.0 3310 0.50 6620 30643
Estonia 1.8 0.4 3.0 96.6 1341672 1339 6.0 40.3 1292.8 13380 2.61 5126 9538
Finland 1.6 3.1 24.7 72.2 5288720 309 9.5 76.4 223.2 44200 3.17 13943 20794
France 31.6 12.4 18.3 69.3 64012572 494 61.3 90.2 342.4 38900 4.08 9534 3417
Georgia 1.8 58.2 19.8 22.1 4388400 413 240.3 81.6 91.1 2090 0.23 9087 14341
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■ Group B (PWA over 2,000 m3/capita/day and EWA over 3,000 m3/capita/day) (2) 
 
 
Country Name
Annual 
freshwater 
withdrawals, 
total (billion 
cubic meters, 
2009)
Agricultural 
Water Use 
(%)
Domestic 
Water Use 
(%)
Industrial
Water Use 
(%)
Population, 
total, 2007
Water 
withdrawals per 
person 
(m3/capita/yr)
Agricultural 
Water 
withdrawals  per 
person
(m3/capita/yr)
Domestic
Water 
withdrawals  per 
person
(m3/capita/yr)
Industrial
Water 
withdrawals  per 
person
(m3/capita/yr)
GNI per capita, 
Atlas method 
(current US$, 
2007)
Costs in US$ per 
cubic metre of 
water
Economically 
Available 
Water(m3/inha
b/yr)
Water resources: 
total renewable 
per capita 
(actual) 
(m3/inhab/yr, 
2007) 
Greece 9.5 89.3 8.9 1.8 11192763 846 755.5 75.6 14.9 24980 1.57 15911 6596
Honduras 1.2 57.8 17.4 24.8 7178436 166 95.9 28.9 41.2 1620 0.11 14727 13400
Hungary 5.6 5.6 11.9 82.5 10055780 556 31.0 66.3 458.6 11510 2.86 4024 10355
Iceland 0.2 42.4 49.1 8.5 311566 530 224.8 260.2 45.0 58780 1.43 41105 555556
Italy 45.4 44.1 20.1 35.9 59375289 765 337.1 153.5 274.4 34030 1.41 24135 3215
Japan 90.0 63.1 19.3 17.6 127770750 705 445.1 136.2 123.7 37660 1.81 20807 3399
Kazakhstan 20.7 67.7 4.1 28.2 15484192 1338 906.0 55.1 377.0 4980 0.24 20750 6946
Latvia 0.4 11.6 38.7 49.6 2276100 181 21.0 70.1 89.8 10100 1.55 6516 15535
Lithuania 2.4 3.4 6.6 90.0 3375618 704 24.3 46.2 633.5 10080 1.70 5929 7369
Luxembourg 0.1 0.3 63.1 36.5 479993 125 0.4 78.9 45.7 79660 5.66 14074 6513
Madagascar 14.7 97.5 1.6 0.9 19371023 758 738.9 12.3 6.8 330 0.07 4714 17756
Malaysia 13.2 34.2 29.5 36.3 26813819 493 168.7 145.6 178.7 6600 0.25 26400 21441
Mexico 79.0 76.7 14.1 9.1 113529819 695 533.2 98.3 63.6 8720 0.21 41524 4186
Mongolia 0.4 53.0 19.9 27.1 2595068 165 87.5 32.8 44.7 1400 0.28 5000 13257
Netherlands 11.5 0.6 11.0 88.4 16381696 700 4.3 76.7 618.7 46310 2.66 17410 5534
New Zealand 4.8 74.3 21.5 4.2 4228300 1124 835.5 241.2 47.3 27540 3.67 7504 77268
Norway 2.9 28.8 28.3 42.9 4709153 624 179.4 176.8 267.8 76950 3.94 19530 80898
Panama 0.5 50.9 45.8 3.3 3491034 129 65.7 59.0 4.3 6080 0.53 11472 44166
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■ Group B (PWA over 2,000 m3/capita/day and EWA over 3,000 m3/capita/day) (3) 
 
 
Country Name
Annual 
freshwater 
withdrawals, 
total (billion 
cubic meters, 
2009)
Agricultural 
Water Use 
(%)
Domestic 
Water Use 
(%)
Industrial
Water Use 
(%)
Population, 
total, 2007
Water 
withdrawals per 
person 
(m3/capita/yr)
Agricultural 
Water 
withdrawals  per 
person
(m3/capita/yr)
Domestic
Water 
withdrawals  per 
person
(m3/capita/yr)
Industrial
Water 
withdrawals  per 
person
(m3/capita/yr)
GNI per capita, 
Atlas method 
(current US$, 
2007)
Costs in US$ per 
cubic metre of 
water
Economically 
Available 
Water(m3/inha
b/yr)
Water resources: 
total renewable 
per capita 
(actual) 
(m3/inhab/yr, 
2007) 
Peru 19.3 84.9 6.8 8.3 28328410 683 579.9 46.7 56.4 3370 0.40 8425 67919
Philippines 78.9 83.1 7.4 9.5 88875548 888 738.2 65.8 83.9 1510 0.38 3974 5403
Portugal 8.5 73.0 7.6 19.4 10608335 798 582.5 60.8 154.7 19970 1.61 12404 6476
Romania 8.4 13.0 20.1 66.9 21546873 391 51.0 78.4 261.6 6430 1.18 5449 9790
Russian 
Federation
66.2 19.9 20.2 59.8 142100000 466 92.9 94.3 278.8 7590 0.82 9256 31460
Serbia 4.0 3.3 17.5 79.2 7381579 536 17.5 93.8 424.7 4370 0.65 6723 16495
Slovak Republic 0.7 3.2 46.5 50.3 5397318 127 4.1 59.1 63.9 14410 2.60 5542 9225
Spain 32.6 61.7 17.7 20.5 44878945 727 448.7 129.0 149.3 29400 1.86 15806 2500
Sri Lanka 13.0 87.3 6.2 6.4 20039000 646 564.2 40.2 41.5 1540 0.02 77000 2605
Sweden 2.6 4.1 37.2 58.7 9148092 286 11.7 106.5 167.8 48900 1.87 26150 18994
Switzerland 2.6 1.9 40.6 57.5 7551117 346 6.6 140.4 199.0 59040 5.52 10696 7112
Turkey 40.1 73.8 15.5 10.7 69496513 577 425.9 89.2 61.9 8500 2.44 3484 3023
Ukraine 38.5 51.2 12.5 36.4 46509350 827 423.2 103.2 300.7 2570 0.66 3894 3016
United Kingdom 13.0 9.9 57.1 33.0 60986649 213 21.1 121.6 70.3 44490 3.57 12462 2405
United States 478.4 40.2 13.7 46.1 301231207 1588 638.7 217.2 732.2 46910 2.11 22232 10153
Venezuela, RB 9.1 43.8 48.7 7.5 27655937 328 143.7 159.6 24.7 7520 0.21 35810 44685
Vietnam 82.0 94.8 1.5 3.7 84221100 974 923.2 14.3 36.5 790 0.15 5267 10400
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■ Group C (PWA below 2,000 m3/capita/day and EWA below 3,000 m3/capita/day) 
 
 
■ Group D (PWA over 2,000 m3/capita/day and EWA below 3,000 m3/capita/day) 
 
 
 
Country Name
Annual 
freshwater 
withdrawals, 
total (billion 
cubic meters, 
2009)
Agricultural 
Water Use 
(%)
Domestic 
Water Use 
(%)
Industrial
Water Use 
(%)
Population, 
total, 2007
Water 
withdrawals per 
person 
(m3/capita/yr)
Agricultural 
Water 
withdrawals  per 
person
(m3/capita/yr)
Domestic
Water 
withdrawals  per 
person
(m3/capita/yr)
Industrial
Water 
withdrawals  per 
person
(m3/capita/yr)
GNI per capita, 
Atlas method 
(current US$, 
2007)
Costs in US$ per 
cubic metre of 
water
Economically 
Available 
Water(m3/inha
b/yr)
Water resources: 
total renewable 
per capita 
(actual) 
(m3/inhab/yr, 
2007) 
Ethiopia 5.6 93.6 6.0 0.4 80440708 69 64.6 4.1 0.3 220 0.30 733 1570
Kenya 2.7 79.2 17.2 3.7 37752304 72 57.0 12.4 2.6 650 0.34 1912 819
Nigeria 10.3 53.4 31.5 15.1 147187353 70 37.4 22.0 10.5 960 0.43 2233 1948
Rwanda 0.2 68.0 24.0 8.0 9928143 15 10.2 3.6 1.2 350 0.63 556 978
Country Name
Annual 
freshwater 
withdrawals, 
total (billion 
cubic meters, 
2009)
Agricultural 
Water Use 
(%)
Domestic 
Water Use 
(%)
Industrial
Water Use 
(%)
Population, 
total, 2007
Water 
withdrawals per 
person 
(m3/capita/yr)
Agricultural 
Water 
withdrawals  per 
person
(m3/capita/yr)
Domestic
Water 
withdrawals  per 
person
(m3/capita/yr)
Industrial
Water 
withdrawals  per 
person
(m3/capita/yr)
GNI per capita, 
Atlas method 
(current US$, 
2007)
Costs in US$ per 
cubic metre of 
water
Economically 
Available 
Water(m3/inha
b/yr)
Water resources: 
total renewable 
per capita 
(actual) 
(m3/inhab/yr, 
2007) 
Indonesia 113.3 81.9 11.6 6.5 230972808 491 402.0 56.9 32.1 1610 0.75 2147 8685
Mali 6.5 90.1 9.0 0.9 12725629 514 463.3 46.3 4.4 500 0.45 1111 7132
Moldova 1.9 39.7 8.6 51.8 3576904 535 212.3 45.8 276.9 1160 0.43 2698 3173
Nepal 9.8 98.2 1.5 0.3 25950022 377 370.2 5.7 1.1 380 0.55 691 7408
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     A5 Affected people by Water related disasters 
 
 
Country iso Country name
Affected people 
by drought
(1999-2009)
Affected people 
by storm
(1999-2009)
Affected people 
by flood
(1999-2009)
Total affected 
people by
Water related  
disasters 
(1999-2009)
Population
(average 1990-
2009)
Affected people 
ratio by Water -
related 
disasters (%)
Affected 
people ratio 
by droughts 
(%)
Affected 
people ratio 
by storms(%)
Affected 
people ratio 
by floods(%)
AFG Afghanistan 4760000 22656 341347 5124003 21347782 1.20 1.11 0.01 0.08
ALB Albania 0 525000 122984 647984 3064111 1.06 0.00 0.86 0.20
DZA Algeria 0 15 237548 237563 32150198 0.04 0.00 0.00 0.04
ASM American Samoa 0 23060 3 23063 58176 1.98 0.00 1.98 0.00
AGO Angola 130000 0 816159 946159 14385283 0.33 0.05 0.00 0.28
ATG Antigua and Barbuda 0 37484 0 37484 78972 2.37 0.00 2.37 0.00
ARG Argentina 0 27256 1194149 1221405 37273361 0.16 0.00 0.00 0.16
ARM Armenia 297000 0 7144 304144 3059960 0.50 0.49 0.00 0.01
AUS Australia 7000000 3981135 90722 11071857 19413000 2.85 1.80 1.03 0.02
AUT Austria 0 300 61416 61716 8042293 0.04 0.00 0.00 0.04
AZE Azerbaijan 0 0 1770300 1770300 8111200 1.09 0.00 0.00 1.09
BHS Bahamas 0 22200 0 22200 303005 0.37 0.00 0.37 0.00
BGD Bangladesh 0 36945305 116815416 153760721 134729503 5.71 0.00 1.37 4.34
BRB Barbados 0 2880 0 2880 268296 0.05 0.00 0.05 0.00
BLR Belarus 0 21390 42000 63390 9928000 0.03 0.00 0.01 0.02
BEL Belgium 0 1707 3485 5192 10286570 0.00 0.00 0.00 0.00
BLZ Belize 0 172570 40600 213170 245198 4.35 0.00 3.52 0.83
BEN Benin 0 800 1122972 1123772 7174911 0.78 0.00 0.00 0.78
BMU Bermuda 0 0 0 0 62504 0.00 0.00 0.00 0.00
BTN Bhutan 0 65000 1600 66600 580888 0.57 0.00 0.56 0.01
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     A5 Affected people by Water related disasters (continued) 
 
     
 
Country iso Country name
Affected people 
by drought
(1999-2009)
Affected people 
by storm
(1999-2009)
Affected people 
by flood
(1999-2009)
Total affected 
people by
Water related  
disasters 
(1999-2009)
Population
(average 1990-
2009)
Affected people 
ratio by Water -
related 
disasters (%)
Affected 
people ratio 
by droughts 
(%)
Affected 
people ratio 
by storms(%)
Affected 
people ratio 
by floods(%)
BOL Bolivia 435660 18740 1672680 2127080 8669066 1.23 0.25 0.01 0.96
BIH Bosnia-Hercegovenia 62575 1090 293830 357495 3879353 0.46 0.08 0.00 0.38
BWA Botswana 100000 400 153892 254292 1783349 0.71 0.28 0.00 0.43
BRA Brazil 12000000 160444 4598765 16759209 176968205 0.47 0.34 0.00 0.13
BGR Bulgaria 0 5850 13470 19320 8020282 0.01 0.00 0.00 0.01
BFA Burkina Faso 2696290 0 383203 3079493 11946080 1.29 1.13 0.00 0.16
BDI Burundi 3062500 47815 75281 3185596 6839376 2.33 2.24 0.03 0.06
KHM Cambodia 6550000 178091 9533614 16261705 12472586 6.52 2.63 0.07 3.82
CMR Cameroon 186900 0 38496 225396 16350440 0.07 0.06 0.00 0.01
CAN Canada 0 8877 65970 74847 31081900 0.01 0.00 0.00 0.01
CPV Cape Verde Is 40000 0 150 40150 450812 0.45 0.44 0.00 0.00
CYM Cayman Islands 0 300 0 300 43317 0.03 0.00 0.03 0.00
CAF Central African Rep 0 15972 132883 148855 3704045 0.20 0.00 0.02 0.18
TCD Chad 3856000 145 631334 4487479 8620917 2.60 2.24 0.00 0.37
CHL Chile 0 42762 758409 801171 15639289 0.26 0.00 0.01 0.24
CHN China P Rep 375274000 383064898 1531895570 2290234468 1271850000 9.00 1.48 1.51 6.02
COL Colombia 100000 10774 5081561 5192335 40558648 0.64 0.01 0.00 0.63
COM Comoros 0 300 2500 2800 541976 0.03 0.00 0.00 0.02
COG Congo 0 0 163500 163500 3205636 0.26 0.00 0.00 0.26
CRI Costa Rica 0 796836 540050 1336886 4013488 1.67 0.00 0.99 0.67
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 A5 Affected people by Water related disasters (continued) 
 
 
 
Country iso Country name
Affected people 
by drought
(1999-2009)
Affected people 
by storm
(1999-2009)
Affected people 
by flood
(1999-2009)
Total affected 
people by
Water related  
disasters 
(1999-2009)
Population
(average 1990-
2009)
Affected people 
ratio by Water -
related 
disasters (%)
Affected 
people ratio 
by droughts 
(%)
Affected 
people ratio 
by storms(%)
Affected 
people ratio 
by floods(%)
CIV Cote d'Ivoire 0 0 2450 2450 16420173 0.00 0.00 0.00 0.00
HRV Croatia 0 0 2050 2050 4440000 0.00 0.00 0.00 0.00
CUB Cuba 820000 10762614 785548 12368162 11175465 5.53 0.37 4.82 0.35
CYP Cyprus 0 40 0 40 961481 0.00 0.00 0.00 0.00
CZE Czech Rep 0 15 320932 320947 10216605 0.16 0.00 0.00 0.16
DNK Denmark 0 0 0 0 5358783 0.00 0.00 0.00 0.00
DJI Djibouti 732750 775 240000 973525 733732 6.63 4.99 0.01 1.64
DMA Dominica 0 13421 0 13421 69660 0.96 0.00 0.96 0.00
DOM Dominican Rep 0 1188619 134060 1322679 8799298 0.75 0.00 0.68 0.08
ECU Ecuador 141500 0 684706 826206 12780869 0.32 0.06 0.00 0.27
EGY Egypt 0 102 164998 165100 67204189 0.01 0.00 0.00 0.01
SLV El Salvador 400000 251541 22282 673823 5985299 0.56 0.33 0.21 0.02
GNQ Equatorial Guinea 0 0 0 0 534592 0.00 0.00 0.00 0.00
ERI Eritrea 5600000 15675 7013 5622688 4101609 6.85 6.83 0.02 0.01
EST Estonia 0 100 0 100 1388115 0.00 0.00 0.00 0.00
ETH Ethiopia 33686200 0 2070856 35757056 67956866 2.63 2.48 0.00 0.15
FJI Fiji 263455 212357 12280 488092 814700 3.00 1.62 1.30 0.08
FIN Finland 0 0 400 400 5188008 0.00 0.00 0.00 0.00
FRA France 0 3514599 59569 3574168 61355725 0.29 0.00 0.29 0.00
GAB Gabon 0 800 0 800 1255299 0.00 0.00 0.00 0.00
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     A5 Affected people by Water related disasters (continued) 
 
 
 
Country iso Country name
Affected people 
by drought
(1999-2009)
Affected people 
by storm
(1999-2009)
Affected people 
by flood
(1999-2009)
Total affected 
people by
Water related  
disasters 
(1999-2009)
Population
(average 1990-
2009)
Affected people 
ratio by Water -
related 
disasters (%)
Affected 
people ratio 
by droughts 
(%)
Affected 
people ratio 
by storms(%)
Affected 
people ratio 
by floods(%)
GMB Gambia The 0 16806 51208 68014 1266691 0.27 0.00 0.07 0.20
GEO Georgia 696000 900 3990 700890 4386400 0.80 0.79 0.00 0.00
DEU Germany 0 30466 536758 567224 82349925 0.03 0.00 0.00 0.03
GHA Ghana 0 0 3720972 3720972 19293392 0.96 0.00 0.00 0.96
GRC Greece 0 612 14080 14692 10951764 0.01 0.00 0.00 0.01
GRD Grenada 0 62860 0 62860 101849 3.09 0.00 3.09 0.00
GUM Guam 0 27406 0 27406 156417 0.88 0.00 0.88 0.00
GTM Guatemala 2613596 592865 325980 3532441 11478984 1.54 1.14 0.26 0.14
GIN Guinea 0 0 292151 292151 8895353 0.16 0.00 0.00 0.16
GNB Guinea Bissau 132000 1722 1750 135472 1301748 0.52 0.51 0.01 0.01
GUY Guyana 607200 0 447774 1054974 747657 7.06 4.06 0.00 2.99
HTI Haiti 1035000 2325978 399833 3760811 8720247 2.16 0.59 1.33 0.23
HND Honduras 460625 2321712 1085899 3868236 6365040 3.04 0.36 1.82 0.85
HKG Hong Kong (China) 0 6779 5645 12424 6714300 0.01 0.00 0.01 0.00
HUN Hungary 0 300 179518 179818 10187576 0.09 0.00 0.00 0.09
IND India 351175000 38278290 526812499 916265789 1059500888 4.32 1.66 0.18 2.49
IDN Indonesia 1080000 3715 5720357 6804072 211970371 0.16 0.03 0.00 0.13
IRN Iran Islam Rep 37000000 179794 2362264 39542058 66857624 2.96 2.77 0.01 0.18
IRQ Iraq 0 0 71510 71510 24516842 0.01 0.00 0.00 0.01
IRL Ireland 0 200 3800 4000 3866243 0.01 0.00 0.00 0.00
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     A5 Affected people by Water related disasters (continued) 
 
 
 
Country iso Country name
Affected people 
by drought
(1999-2009)
Affected people 
by storm
(1999-2009)
Affected people 
by flood
(1999-2009)
Total affected 
people by
Water related  
disasters 
(1999-2009)
Population
(average 1990-
2009)
Affected people 
ratio by Water -
related 
disasters (%)
Affected 
people ratio 
by droughts 
(%)
Affected 
people ratio 
by storms(%)
Affected 
people ratio 
by floods(%)
ISR Israel 0 410 1000 1410 6439000 0.00 0.00 0.00 0.00
ITA Italy 0 1100 81832 82932 56974100 0.01 0.00 0.00 0.01
JAM Jamaica 0 400210 585712 985922 2605556 1.89 0.00 0.77 1.12
JPN Japan 0 1391624 526154 1917778 127149000 0.08 0.00 0.05 0.02
JOR Jordan 330000 225 18000 348225 4917000 0.35 0.34 0.00 0.02
KAZ Kazakhstan 0 0 74168 74168 14858335 0.02 0.00 0.00 0.02
KEN Kenya 38100000 0 2209297 40309297 32126351 6.27 5.93 0.00 0.34
KIR Kiribati 84000 0 85 84085 84261 4.99 4.98 0.00 0.01
PRK Korea Dem P Rep 0 638730 11275679 11914409 23043449 2.59 0.00 0.14 2.45
KOR Korea Rep 0 214214 744702 958916 47357362 0.10 0.00 0.02 0.08
KWT Kuwait 0 0 200 200 1980604 0.00 0.00 0.00 0.00
KGZ Kyrgyzstan 2000000 9075 10623 2019698 4945100 2.04 2.02 0.01 0.01
LAO Lao P Dem Rep 20000 1436199 2790740 4246939 5470169 3.88 0.02 1.31 2.55
LBN Lebanon 0 104575 17000 121575 3357600 0.18 0.00 0.16 0.03
LSO Lesotho 1306500 6751 0 1313251 1871500 3.51 3.49 0.02 0.00
LBR Liberia 0 5500 22924 28424 2998770 0.05 0.00 0.01 0.04
LTU Lithuania 0 780000 0 780000 3470818 1.12 0.00 1.12 0.00
LUX Luxembourg 0 0 0 0 441525 0.00 0.00 0.00 0.00
MAC Macau 0 3986 0 3986 438080 0.05 0.00 0.05 0.00
MKD Macedonia FRY 10000 3 111400 121403 2065098 0.29 0.02 0.00 0.27
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     A5 Affected people by Water related disasters (continued) 
 
 
 
Country iso Country name
Affected people 
by drought
(1999-2009)
Affected people 
by storm
(1999-2009)
Affected people 
by flood
(1999-2009)
Total affected 
people by
Water related  
disasters 
(1999-2009)
Population
(average 1990-
2009)
Affected people 
ratio by Water -
related 
disasters (%)
Affected 
people ratio 
by droughts 
(%)
Affected 
people ratio 
by storms(%)
Affected 
people ratio 
by floods(%)
MDG Madagascar 1565290 5220516 135987 6921793 16235767 2.13 0.48 1.61 0.04
MWI Malawi 18249435 8 1791735 20041178 11623166 8.62 7.85 0.00 0.77
MYS Malaysia 5000 47946 443482 496428 23925742 0.10 0.00 0.01 0.09
MDV Maldives 0 23849 1649 25498 277825 0.46 0.00 0.43 0.03
MLI Mali 1327000 0 117674 1444674 10562768 0.68 0.63 0.00 0.06
MHL Marshall Is 0 6000 600 6600 52184 0.63 0.00 0.57 0.06
MRT Mauritania 1467907 477 158139 1626523 2791403 2.91 2.63 0.00 0.28
MUS Mauritius 0 11850 0 11850 1199881 0.05 0.00 0.05 0.00
MEX Mexico 65000 5608346 2876674 8550020 105339877 0.41 0.00 0.27 0.14
FSM Micronesia Fed States 28800 8631 0 37431 107170 1.75 1.34 0.40 0.00
MDA Moldova Rep 210394 2625580 39957 2875931 3631462 3.96 0.29 3.62 0.06
MNG Mongolia 450000 2011000 20650 2481650 2419669 5.13 0.93 4.16 0.04
MNE Montenegro 0 0 1536 1536 611525 0.01 0.00 0.00 0.01
MAR Morocco 275000 0 155887 430887 29021156 0.07
MOZ Mozambique 6539500 3120317 6695126 16354943 18785719 4.35 1.74 0.83 1.78
MMR Myanmar 0 2570076 814378 3384454 48894203 0.35 0.00 0.26 0.08
NAM Namibia 783200 0 474300 1257500 1931282 3.26 2.03 0.00 1.23
NPL Nepal 503000 184 2899134 3402318 23655119 0.72 0.11 0.00 0.61
NLD Netherlands 0 250101 15000 265101 16046180 0.08 0.00 0.08 0.00
NCL New Caledonia 0 1100 0 1100 217324 0.03 0.00 0.03 0.00
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     A5 Affected people by Water related disasters (continued) 
 
 
 
Country iso Country name
Affected people 
by drought
(1999-2009)
Affected people 
by storm
(1999-2009)
Affected people 
by flood
(1999-2009)
Total affected 
people by
Water related  
disasters 
(1999-2009)
Population
(average 1990-
2009)
Affected people 
ratio by Water -
related 
disasters (%)
Affected 
people ratio 
by droughts 
(%)
Affected 
people ratio 
by storms(%)
Affected 
people ratio 
by floods(%)
NZL New Zealand 0 2540 8405 10945 3880500 0.01 0.00 0.00 0.01
NIC Nicaragua 553000 1292179 277635 2122814 5176685 2.05 0.53 1.25 0.27
NER Niger 16123058 1253 375421 16499732 11396434 7.24 7.07 0.00 0.16
NGA Nigeria 0 1000 1361521 1362521 126004992 0.05 0.00 0.00 0.05
MNP Northern Mariana Is 0 500 0 500 68817 0.04 0.00 0.04 0.00
NOR Norway 0 100 6100 6200 4513751 0.01 0.00 0.00 0.01
OMN Oman 0 20083 0 20083 2239025 0.04 0.00 0.04 0.00
PAK Pakistan 2200000 2189440 27722756 32112196 146857081 1.09 0.07 0.07 0.94
PAN Panama 0 7550 115123 122673 3116409 0.20 0.00 0.01 0.18
PNG Papua New Guinea 500000 209680 282193 991873 5518971 0.90 0.45 0.19 0.26
PRY Paraguay 310990 60932 445375 817297 5460621 0.75 0.28 0.06 0.41
PER Peru 3321500 667412 1743479 5732391 26372358 1.09 0.63 0.13 0.33
PHL Philippines 2854282 70067156 9498430 82419868 79297756 5.20 0.18 4.42 0.60
POL Poland 0 1142 245550 246692 38248076 0.03 0.00 0.00 0.03
PRT Portugal 0 270 3696 3966 10362722 0.00 0.00 0.00 0.00
PRI Puerto Rico 0 158915 12485 171400 3818774 0.22 0.00 0.21 0.02
ROU Romania 0 8456 375434 383890 22131970 0.09 0.00 0.00 0.08
RUS Russia 1000000 21274 2112490 3133764 145976473 0.11 0.03 0.00 0.07
RWA Rwanda 1976545 0 45862 2022407 8760003 1.15 1.13 0.00 0.03
WSM Samoa 0 283000 0 283000 175567 8.06 0.00 8.06 0.00
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     A5 Affected people by Water related disasters (continued) 
 
 
 
Country iso Country name
Affected people 
by drought
(1999-2009)
Affected people 
by storm
(1999-2009)
Affected people 
by flood
(1999-2009)
Total affected 
people by
Water related  
disasters 
(1999-2009)
Population
(average 1990-
2009)
Affected people 
ratio by Water -
related 
disasters (%)
Affected 
people ratio 
by droughts 
(%)
Affected 
people ratio 
by storms(%)
Affected 
people ratio 
by floods(%)
SAU Saudi Arabia 0 0 23547 23547 20891594 0.01 0.00 0.00 0.01
SEN Senegal 284000 96853 852169 1233022 10119118 0.61 0.14 0.05 0.42
SRB Serbia 0 0 15580 15580 7503433 0.01 0.00 0.00 0.01
SYC Seychelles 0 6800 1237 8037 81202 0.49 0.00 0.42 0.08
SLE Sierra Leone 0 3 220970 220973 4295667 0.26 0.00 0.00 0.26
SVK Slovakia 0 10324 48145 58469 5378867 0.05 0.00 0.01 0.04
SVN Slovenia 0 1050 0 1050 1992060 0.00 0.00 0.00 0.00
SLB Solomon Is 380 90035 7000 97415 423529 1.15 0.00 1.06 0.08
SOM Somalia 4700000 0 2180182 6880182 7609265 4.52 3.09 0.00 1.43
ZAF South Africa 15300000 127272 173965 15601237 44909738 1.74 1.70 0.01 0.02
ESP Spain 6000000 352 10480 6010832 40756001 0.74 0.74 0.00 0.00
LKA Sri Lanka 1000000 425000 7161803 8586803 18797000 2.28 0.27 0.11 1.91
KNA St Kitts and Nevis 0 12980 0 12980 46214 1.40 0.00 1.40 0.00
LCA St Lucia 0 950 0 950 158650 0.03 0.00 0.03 0.00
VCT St Vincent and the Grenad 0 1634 200 1834 107989 0.08 0.00 0.08 0.01
SDN Sudan 15660000 0 3128623 18788623 28434810 3.30 2.75 0.00 0.55
SUR Suriname 0 0 31548 31548 473312 0.33 0.00 0.00 0.33
SWZ Swaziland 1630000 7685 274500 1912185 1074761 8.90 7.58 0.04 1.28
SWE Sweden 0 0 0 0 8895960 0.00 0.00 0.00 0.00
CHE Switzerland 0 9 5601 5610 7229854 0.00 0.00 0.00 0.00
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     A5 Affected people by Water related disasters (continued) 
 
      
 
 
 
 
Country iso Country name
Affected people 
by drought
(1999-2009)
Affected people 
by storm
(1999-2009)
Affected people 
by flood
(1999-2009)
Total affected 
people by
Water related  
disasters 
(1999-2009)
Population
(average 1990-
2009)
Affected people 
ratio by Water -
related 
disasters (%)
Affected 
people ratio 
by droughts 
(%)
Affected 
people ratio 
by storms(%)
Affected 
people ratio 
by floods(%)
SYR Syrian Arab Rep 1629000 352 0 1629352 16700984 0.49 0.49 0.00 0.00
TJK Tajikistan 3800000 2330 746730 4549060 6289340 3.62
TZA Tanzania Uni Rep 9654000 3782 505023 10162805 34895398 1.46 1.38 0.00 0.07
THA Thailand 23500000 2993503 23673497 50167000 63069070 3.98 1.86 0.24 1.88
TLS Timor-Leste 0 8730 4505 13235 871353 0.08 0.00 0.05 0.03
TGO Togo 0 0 480050 480050 4992225 0.48 0.00 0.00 0.48
TON Tonga 0 26174 0 26174 98504 1.33 0.00 1.33 0.00
TTO Trinidad and Tobago 0 1560 210 1770 1272347 0.01 0.00 0.01 0.00
TUN Tunisia 0 0 185508 185508 9673600 0.10 0.00 0.00 0.10
TUR Turkey 0 1639 1713817 1715456 64100297 0.13 0.00 0.00 0.13
TKM Turkmenistan 0 0 420 420 4551762 0.00 0.00 0.00 0.00
TCA Turks and Caicos Is 0 1700 0 1700 20186 0.42 0.00 0.42 0.00
TUV Tuvalu 0 850 0 850 9471 0.45 0.00 0.45 0.00
UGA Uganda 3181000 10105 959325 4150430 25088033 0.83 0.63 0.00 0.19
UKR Ukraine 0 56662 2598235 2654897 48683865 0.27 0.00 0.01 0.27
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A5 Affected people by Water related disasters (continued) 
  
Country iso Country name
Affected people 
by drought
(1999-2009)
Affected people 
by storm
(1999-2009)
Affected people 
by flood
(1999-2009)
Total affected 
people by
Water related  
disasters 
(1999-2009)
Population
(average 1990-
2009)
Affected people 
ratio by Water -
related 
disasters (%)
Affected 
people ratio 
by droughts 
(%)
Affected 
people ratio 
by storms(%)
Affected 
people ratio 
by floods(%)
GBR United Kingdom 0 288484 382768 671252 59119673 0.06 0.00 0.02 0.03
USA United States 0 12331437 11973681 24305118 284968955 0.43 0.00 0.22 0.21
URY Uruguay 0 5112 152200 157312 3326762 0.24 0.00 0.01 0.23
UZB Uzbekistan 600000 0 1500 601500 24964450 0.12 0.12 0.00 0.00
VUT Vanuatu 0 70373 3951 74324 189285 1.96 0.00 1.86 0.10
VEN Venezuela 0 7630 747465 755095 24870441 0.15 0.00 0.00 0.15
VNM Viet Nam 6110000 13612769 18399602 38122371 78621000 2.42 0.39 0.87 1.17
VIR Virgin Is (US) 0 10000 0 10000 108386 0.46 0.00 0.46 0.00
YEM Yemen 0 0 349123 349123 18029989 0.10 0.00 0.00 0.10
COD Zaire/Congo Dem Rep 0 103036 178175 281211 48167045 0.03 0.00 0.01 0.02
ZMB Zambia 4173204 0 4324633 8497837 10362137 4.10 2.01 0.00 2.09
ZWE Zimbabwe 13155000 0 331000 13486000 12586763 5.36 5.23 0.00 0.13
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A6 Possible Factors of Water related disasters 
 
Country Name
GNI per capita, 
Atlas method 
(current US$)
GINI index
Renewable 
internal 
freshwater 
resources per 
capita  (m3) 
Average 
precipitation 
in depth (mm 
per year)
Average 
Rainfall 
variance (mm 
per month)
Improved 
water source 
(% of 
population 
with access)
Improved 
sanitation 
facilities (% of 
population 
with access)
Affected people 
by droughts, 
floods, storms
(% of 
population)
Afghanistan 313 27.8 2,515             327 49.7 31 24 1.24
Albania 1496 31.1 8,676             1485 96 83 1.05
Algeria 2172 35.3 368                89 89 83 0.04
Andorra 23110 4,610             100 100
Angola 1016 50.7 10,029           1010 159.7 46 32 0.34Antigua and 
Barbuda 9327 701                1030 98 84 2.41
Argentina 6021 48.9 7,959             591 96 91 0.17
Armenia 1155 34.5 2,180             562 93 89 0.49
Austria 30102 30.4 6,838             1110 100 100 0.04
Azerbaijan 1274 24.8 1,018             447 74 69 1.10
Bahamas, The 18571 67                  1292 97 89 0.37
Bahrain 11690 6                    83 98 99
Bangladesh 393 31.9 821                2666 543.1 76 45 5.81
Barbados 8644 297                1422 98 86 0.05
Belarus 2311 27.6 3,745             618 100 95 0.03
Belgium 29090 28.3 1,166             847 100 100 0.00
Belize 3224 57.6 64,182           1705 238.6 84 82 4.47
Benin 431 38.6 1,527             1039 203.2 66 12 0.81
Bhutan 884 42.4 146,301         2200 420.7 83 31 0.59
Bolivia 977 55.4 37,084           1146 193.3 78 37 1.25Bosnia and 
Herzegovina 2348 32.4 9,053             1028 98 95 0.47
Botswana 3722 62.1 1,422             416 94 51 0.72
Brazil 4166 57.7 32,696           1761 93 74 0.48Brunei 
Darussalam 19009 26,537           2722
Bulgaria 2436 29.8 2,609             608 100 86 0.01
Burkina Faso 324 45.1 1,102             748 213.3 59 12 1.33
Burundi 154 36.3 1,465             1274 159.9 72 44 2.39
Cabo Verde 1573 47.2 713                228 83 45 0.45
Cambodia 407 37.0 10,354           1904 284.3 41 16 6.65
Cameroon 796 42.5 17,618           1604 241 61 42 0.07
Canada 26042 32.8 93,126           537 100 100 0.01Central African 
Republic 355 53.7 39,010           1343 229.1 62 17 0.20
Chad 302 39.8 1,855             322 119.8 45 10 2.70
Chile 5280 54.7 59,141           1522 94 91 0.26
China 1211 38.7 2,258             645 79 58 9.07
Colombia 2561 56.3 57,084           3240 209 90 74 0.65
Comoros 552 64.3 2,257             900 273.1 90 25 0.03
Congo, Dem. Rep. 141 44.4 19,179           1543 47 22 0.03
Congo, Rep. 884 47.3 73,360           1646 71 13 0.26
Costa Rica 3881 47.8 29,761           2926 368 95 91 1.70
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A6 Possible Factors of Water related disasters (continued) 
 
Country Name
GNI per capita, 
Atlas method 
(current US$)
GINI index
Renewable 
internal 
freshwater 
resources per 
capita  (m3) 
Average 
precipitation 
in depth (mm 
per year)
Average 
Rainfall 
variance (mm 
per month)
Improved 
water source 
(% of 
population 
with access)
Improved 
sanitation 
facilities (% of 
population 
with access)
Affected people 
by droughts, 
floods, storms
(% of 
population)
Cote d'Ivoire 795 39.9 4,864             1348 195.8 78 18 0.001
Croatia 8179 30.2 8,417             1113 98 97 0.002
Cuba 3006 3,451             1335 91 86 5.55
Cyprus 16106 845                498 100 100 0.00
Czech Republic 12476 26.4 1,281             677 100 99 0.16
Denmark 37193 24.6 1,128             703 100 100
Djibouti 806 40.0 423                220 82 60 6.73
Dominica 3941 2083 291.9 94 81 0.96Dominican 
Republic 2500 50.2 2,493             1410 161.4 87 77 0.76
Ecuador 2256 53.4 35,852           2274 188.3 79 69 0.33
Egypt, Arab Rep. 1258 31.6 27                  51 96 84 0.01
El Salvador 2206 50.0 2,729             1784 357.6 81 61 0.57Equatorial 
Guinea 2699 50,845           2156 47 79
Eritrea 204 744                384 67.9 51 11 7.14
Estonia 10240 34.3 9,017             626 99 97 0.00
Ethiopia 180 33.3 1,748             848 118.2 28 9 2.71
Fiji 2661 44.8 35,890           2592 330.7 90 73 3.01
Finland 29439 26.0 20,711           536 100 97 0.00
France 27932 31.8 3,273             867 100 99 0.29
French Polynesia 17018 39,610           100 98
Gabon 4650 42.2 136,914         1831 290.4 85 39 0.003
Gambia, The 569 48.8 2,493             836 305.1 82 60 0.28
Georgia 1098 40.2 12,836           1026 89 95 0.79
Germany 29242 30.7 1,307             700 100 99 0.03
Ghana 496 40.5 1,640             1187 159.3 69 10 0.99
Greece 15453 34.8 5,363             652 99 95 0.01
Greenland 22041 10,657,102    100 100
Grenada 4255 2350 97 98 3.09
Guatemala 1705 54.6 9,552             1996 365.7 83 54 1.58
Guinea 394 42.8 26,914           1651 376.2 62 13 0.17
Guinea-Bissau 263 41.7 12,397           1577 435.2 51 14 0.53
Guyana 989 48.0 327,941         2387 86 79 7.09
Haiti 518 59.2 1,550             1440 156.1 61 21 2.19
Honduras 1015 55.6 14,911           1976 243 80 62 3.10Hong Kong SAR, 
China 24970 0.01
Hungary 6319 28.0 587                589 98 98 0.09
Iceland 33554 28.6 603,774         1940 100 99
India 557 32.7 1,399             1083 245.7 80 25 4.40
Indonesia 1021 31.0 9,671             2702 141 77 46 0.16
Iraq 2633 28.6 1,548             216 81 76 0.02
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A6 Possible Factors of Water related disasters (continued) 
 
Country Name
GNI per capita, 
Atlas method 
(current US$)
GINI index
Renewable 
internal 
freshwater 
resources per 
capita  (m3) 
Average 
precipitation 
in depth (mm 
per year)
Average 
Rainfall 
variance (mm 
per month)
Improved 
water source 
(% of 
population 
with access)
Improved 
sanitation 
facilities (% of 
population 
with access)
Affected people 
by droughts, 
floods, storms
(% of 
population)
Ireland 40195 34.7 12,677           1118 97 89 0.01
Isle of Man 28688
Israel 17281 39.2 123                435 100 100 0.00
Italy 24205 35.6 3,186             832 100 100 0.01
Jamaica 2671 46.5 3,680             2051 298.8 93 81 1.90
Japan 35569 32.1 3,401             1668 100 100 0.08
Jordan 2003 37.0 148                111 97 98 0.36
Kazakhstan 2493 31.2 4,149             250 94 97 0.02
Kenya 440 48.4 683                630 100 51 27 6.44
Kiribati 1370 630 134 58 33 5.08
Korea, Dem. Rep. 2,972             1054 100 63 2.61
Korea, Rep. 12496 1,397             1274 93 100 0.10
Kuwait 28721 121 99 100 0.00
Kyrgyz Republic 440 35.5 10,087           533 45.9 79 92 2.06
Lao PDR 387 33.3 36,641           1834 323.2 50 34 3.94
Latvia 4666 32.9 7,035             641 98 83
Lebanon 4558 1,448             661 88 82 0.19
Lesotho 728 57.5 2,875             788 119.8 79 25 3.54
Liberia 143 38.2 76,264           2391 354.6 64 14 0.05
Libya 8410 133                56 71 97
Liechtenstein 78840 56
Lithuania 4978 33.7 4,473             656 91 86 1.11
Luxembourg 49806 2,315             934 100 98
Macedonia, FYR 2303 38.2 2,692             619 99 90 0.30
Madagascar 270 42.7 22,133           1513 278.5 38 10 2.20
Malawi 202 45.1 1,451             1181 233.6 61 34 8.85
Malaysia 4337 45.9 25,566           2875 94 91 0.11
Maldives 4019 50.0 110                1972 183.3 95 79 0.47
Mali 345 43.2 5,532             282 103.6 46 18 0.70
Malta 11510 132                560 100 100
Marshall Islands 3132 560 161.8 93 70 0.63
Mauritius 4243 35.7 2,359             2041 242.5 99 92 0.05
Mexico 5372 49.6 4,064             758 88 74 0.41Micronesia, Fed. 
Sts. 2328 61.1 758 90 33 1.74
Monaco 105433 100 100
Mongolia 842 33.2 14,519           241 57 50 5.18
Montenegro 4034 30.1 241 98 91 0.01
Morocco 1522 40.0 1,019             346 78 63 0.08
Mozambique 231 45.8 5,669             1032 199.9 41 14 4.47
Myanmar 21,374           2091 66 63 0.35
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A6 Possible Factors of Water related disasters (continued) 
 
Country Name
GNI per capita, 
Atlas method 
(current US$)
GINI index
Renewable 
internal 
freshwater 
resources per 
capita  (m3) 
Average 
precipitation 
in depth (mm 
per year)
Average 
Rainfall 
variance (mm 
per month)
Improved 
water source 
(% of 
population 
with access)
Improved 
sanitation 
facilities (% of 
population 
with access)
Affected people 
by droughts, 
floods, storms
(% of 
population)
Namibia 2514 66.5 3,419             285 78 28 3.31
Nepal 270 39.5 8,642             1500 282.9 76 21 0.73
Netherlands 30373 30.7 695                778 100 98 0.08
New Caledonia 16308 95 100 0.03
New Zealand 17730 84,826           1732 100 0.01
Nicaragua 852 46.4 31,796           2280 302.1 79 54 2.08
Niger 236 39.6 323                151 69.2 43 6 7.51
Nigeria 461 43.8 1,837             1150 231 51 34 0.06
Norway 45398 27.4 85,282           1414 100 98 0.01
Oman 9156 619                125 84 89 0.05
Pakistan 568 31.3 409                494 88 36 1.12
Palau 7092 494 93 78
Panama 3849 55.8 46,023           2928 348.6 89 66 0.20Papua New 
Guinea 833 50.9 152,901         3142 119.8 35 19 0.92
Paraguay 1575 52.8 22,684           1130 105.9 72 67 0.76
Peru 2263 49.5 64,490           1738 79 62 1.10
Philippines 1123 44.4 6,299             2348 193.3 87 63 5.31
Poland 5686 33.0 1,398             600 96 89 0.03
Portugal 13431 3,707             854 98 96 0.002
Puerto Rico 10518 1,901             2054 94 99 0.22
Qatar 69737 89                  74 99 99
Romania 2837 29.3 1,926             637 85 74 0.09Russian 
Federation 3806 39.8 29,512           460 95 72 0.11
Rwanda 280 52.3 1,247             1212 133.3 66 46 1.20
Samoa 1567 1583 93 92 8.10Sao Tome and 
Principe 826 50.8 16,008           3200 82 23
Saudi Arabia 10276 114                59 95 96 0.01
Senegal 666 44.0 2,674             686 231.1 67 40 0.63
Serbia 3076 31.0 1,139             686 99 97 0.01
Seychelles 7903 54.3 2330 96 98 0.50
Sierra Leone 245 39.5 37,052           2526 527.4 47 11 0.27
Singapore 23828 155                2497 100 100
Slovak Republic 6971 26.4 2,343             1242.25 100 99 0.05
Slovenia 13333 27.7 9,341             1162 100 99 0.00
Solomon Islands 976 111,690         3028 80 27 1.18
Somalia 150 823                282 25 22 4.66
South Africa 3869 60.8 1,055             495 86 57 1.77
South Sudan 495
Spain 18813 34.0 2,700             636 100 100 0.75
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A6 Possible Factors of Water related disasters (continued) 
 
 
Country Name
GNI per capita, 
Atlas method 
(current US$)
GINI index
Renewable 
internal 
freshwater 
resources per 
capita  (m3) 
Average 
precipitation 
in depth (mm 
per year)
Average 
Rainfall 
variance (mm 
per month)
Improved 
water source 
(% of 
population 
with access)
Improved 
sanitation 
facilities (% of 
population 
with access)
Affected people 
by droughts, 
floods, storms
(% of 
population)
Sri Lanka 953 37.1 2,825             1712 282.4 79 81 2.25
St. Kitts and Nevis 7664 529                1427 98 87 1.42
St. Lucia 4305 42.6 2301 265.2 94 83 0.03St. Vincent and 
the Grenadines 3572 1583 93 71 0.08
Sudan 497 35.3 1712 62 25 3.39
Suriname 2612 52.9 212,356         2331 90 81 0.34
Swaziland 1812 55.2 2,574             788 132.9 52 52 8.99
Sweden 33618 26.1 19,228           624 100 99
Switzerland 46121 33.8 5,618             1537 100 100 0.004Syrian Arab 
Republic 1250 35.8 450                252 87 89 0.50
Tajikistan 283 31.8 10,256           691 67.7 62 91 3.68
Tanzania 287 35.3 2,529             1071 180.2 54 9 1.49
Thailand 2432 43.2 3,620             1622 258.7 92 91 4.02
Timor-Leste 1258 30.4 9,318             1500 58 38 0.08
Togo 346 42.2 2,407             1168 194.5 53 11 0.49
Tonga 2151 164.5 99 93 1.34Trinidad and 
Tobago 7499 40.3 3,022             2200 93 91 0.01
Tunisia 2444 40.1 447                207 89 81 0.10
Turkey 4531 40.4 3,644             593 92 88 0.14
Turkmenistan 1250 38.1 320                161 60 62 0.00
Tuvalu 3858 161 94 78 0.45
Uganda 271 42.6 1,684             1180 109.2 56 15 0.85
Ukraine 1383 29.8 1,078             565 97 95 0.27United Arab 
Emirates 38802 50                  78 100 97
United Kingdom 27757 37.2 2,453             1220 100 99 0.06
United States 34683 39.9 10,118           715 99 100 0.43
Uruguay 5608 45.0 28,181           1300 97 93 0.24
Uzbekistan 629 37.9 677                206 89 91 0.12
Vanuatu 1523 206 203.2 75 43 2.01
Venezuela, RB 4371 47.1 33,581           2044 91 88 0.15
Vietnam 436 36.1 4,718             1821 256.8 77 52 2.46West Bank and 
Gaza 1417 35.7 293                402 88 89
Yemen, Rep. 564 34.7 124                167 60 39 0.10
Zambia 467 50.5 7,765             1020 222.9 54 41 4.21
Zimbabwe 552 1,004             657 152.4 79 39 5.39
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A7 Rainfall Variance 
 
Maximum Mean Monthly 
Rainfall (mm) (1990-2009)
Minimum Mean Monthly 
Rainfall (mm) (1990-2009)
Afghanistan 54.3 4.6 49.7
Albania 134.1 30.9 103.2
Algeria 9.6 2.3 7.3
American Samoa 416.4 120.4 296
Andorra 96.8 41.4 55.4
Angola 160.2 0.5 159.7
Antigua and Barbuda 254 99.5 154.5
Argentina 69.2 22.4 46.8
Armenia 77.1 20.7 56.4
Aruba 168.5 22.8 145.7
Australia 88 18.8 69.2
Austria 138.5 56.4 82.1
Azerbaijan 53.3 21.4 31.9
Bahamas, The 178.3 39.6 138.7
Bahrain 22.2 0 22.2
Bangladesh 548.6 5.5 543.1
Barbados 270 82.9 187.1
Belarus 87.7 33.1 54.6
Belgium 88.7 53.1 35.6
Belize 282 43.4 238.6
Benin 204.7 1.5 203.2
Bermuda 144 97 47
Bhutan 424.8 4.1 420.7
Bolivia 210.1 16.8 193.3
Bosnia and Herzegovina 118.3 62 56.3
Botswana 90.5 0.4 90.1
Brazil 236.7 58.1 178.6
Brunei Darussalam 321.7 166.5 155.2
Bulgaria 62.1 31.8 30.3
Burkina Faso 213.6 0.3 213.3
Burundi 164 4.1 159.9
Cambodia 299.4 15.1 284.3
Cameroon 254.6 13.6 241
Canada 56.7 22.4 34.3
Cayman Islands 193.6 16.6 177
Central African Republic 238.6 9.5 229.1
Chad 120 0.2 119.8
Chile 92.2 39.1 53.1
China 118 9.6 108.4
Colombia 327.9 118.9 209
Country Name
Mean Monthly Rainfall (mm) (1990-2009)
Difference of Max and Min 
(1990-2009)
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A7 Rainfall Variance (continued) 
 
Maximum Mean Monthly 
Rainfall (mm) (1990-2009)
Minimum Mean Monthly 
Rainfall (mm) (1990-2009)
Comoros 299.7 26.6 273.1
Costa Rica 439.6 71.6 368
Cote d'Ivoire 205.8 10 195.8
Croatia 122.9 55.3 67.6
Cuba 206.7 33.6 173.1
Cyprus 101.9 1.4 100.5
Czech Republic 90.3 36.1 54.2
Denmark 73.7 36.2 37.5
Djibouti 44.7 3.9 40.8
Dominica 448.9 157 291.9
Dominican Republic 212.9 51.5 161.4
Ecuador 279.7 91.4 188.3
Egypt, Arab Rep. 6.7 1.6 5.1
El Salvador 363.2 5.6 357.6
Equatorial Guinea 394 75.3 318.7
Eritrea 73.1 5.2 67.9
Estonia 75.8 30.3 45.5
Ethiopia 126.8 8.6 118.2
Fiji 429.9 99.2 330.7
Finland 72.6 25.5 47.1
France 89.3 52.9 36.4
French Polynesia 187.3 65.3 122
Gabon 297.9 7.5 290.4
Gambia, The 305.1 0 305.1
Georgia 111.3 51.9 59.4
Germany 83.8 46.2 37.6
Ghana 165.2 5.9 159.3
Greece 121.2 11.4 109.8
Greenland 48.4 24.6 23.8
Grenada 220.8 34.9 185.9
Guam 1457.2 191.7 1265.5
Guatemala 416.6 50.9 365.7
Guinea 378.6 2.4 376.2
Guinea-Bissau 435.2 0 435.2
Haiti 201.9 45.8 156.1
Honduras 277.9 34.9 243
Hungary 72.5 28.8 43.7
Iceland 115.9 54.6 61.3
India 255.3 9.6 245.7
Indonesia 299.6 158.6 141
Country Name
Mean Monthly Rainfall (mm) (1990-2009)
Difference of Max and Min 
(1990-2009)
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A7 Rainfall Variance (continued) 
 
Maximum Mean Monthly 
Rainfall (mm) (1990-2009)
Minimum Mean Monthly 
Rainfall (mm) (1990-2009)
Iran, Islamic Rep. 34.1 3.2 30.9
Iraq 34 0.5 33.5
Ireland 131.8 77.2 54.6
Israel 78.1 0.4 77.7
Italy 107.8 48.7 59.1
Jamaica 392.6 93.8 298.8
Japan 228.2 71 157.2
Jordan 21.7 0.2 21.5
Kazakhstan 27.7 14.1 13.6
Kenya 123.8 23.8 100
Kiribati 172.8 38.8 134
Korea, Dem. Rep. 282.7 13.8 268.9
Korea, Rep. 288.7 24.3 264.4
Kosovo 83.1 45.1 38
Kuwait 25.2 0.5 24.7
Kyrgyz Republic 54.5 8.6 45.9
Lao PDR 339.4 16.2 323.2
Lebanon 129.1 0 129.1
Lesotho 127.5 7.7 119.8
Liberia 377.4 22.8 354.6
Libya 9.1 0.6 8.5
Liechtenstein 184.5 110 74.5
Lithuania 76.1 34.1 42
Luxembourg 96.8 55.3 41.5
Macao SAR, China 465.3 30.9 434.4
Macedonia, FYR 72.8 35.2 37.6
Madagascar 311.6 33.1 278.5
Malawi 236.7 3.1 233.6
Malaysia 347.6 190.5 157.1
Maldives 249.4 66.1 183.3
Mali 103.7 0.1 103.6
Malta 72.5 0 72.5
Marshall Islands 283.2 121.4 161.8
Mauritania 37.4 0.3 37.1
Mauritius 294 51.5 242.5
Mexico 145.5 11.1 134.4
Moldova 61.8 27.3 34.5
Monaco 141.8 20.3 121.5
Mongolia 59.9 1.8 58.1
Montenegro 127.9 54.5 73.4
Country Name
Mean Monthly Rainfall (mm) (1990-2009)
Difference of Max and Min 
(1990-2009)
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A7 Rainfall Variance (continued) 
 
Maximum Mean Monthly 
Rainfall (mm) (1990-2009)
Minimum Mean Monthly 
Rainfall (mm) (1990-2009)
Morocco 40.9 2.2 38.7
Mozambique 208.4 8.5 199.9
Myanmar 428.8 8.5 420.3
Namibia 68.6 0.6 68
Nepal 292.5 9.6 282.9
Netherlands 79.4 43 36.4
New Caledonia 262.3 41 221.3
New Zealand 162.5 105.3 57.2
Nicaragua 337.1 35 302.1
Niger 69.2 0 69.2
Nigeria 234 3 231
Norway 113.2 56.7 56.5
Oman 13 3.6 9.4
Pakistan 50.7 6.2 44.5
Palau 322.4 190.4 132
Panama 408.4 59.8 348.6
Papua New Guinea 319.6 199.8 119.8
Paraguay 134.4 28.5 105.9
Peru 192.6 67 125.6
Philippines 286.6 93.3 193.3
Poland 85 30.9 54.1
Portugal 122.2 11.3 110.9
Puerto Rico 251 61.4 189.6
Qatar 16.8 0 16.8
Romania 77.6 28 49.6
Russian Federation 61.5 16.8 44.7
Rwanda 148.5 15.2 133.3
Saudi Arabia 15.9 1.2 14.7
Senegal 231.2 0.1 231.1
Serbia 80 36.3 43.7
Seychelles 275.6 61.4 214.2
Sierra Leone 533.5 6.1 527.4
Singapore 326.5 121.7 204.8
Slovak Republic 101.4 35.9 65.5
Slovenia 148.2 52.2 96
Somalia 55.3 4.1 51.2
South Africa 64.7 11.8 52.9
Spain 74 15 59
Sri Lanka 333.6 51.2 282.4
St. Kitts and Nevis 236.7 78.7 158
Country Name
Mean Monthly Rainfall (mm) (1990-2009)
Difference of Max and Min 
(1990-2009)
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A7 Rainfall Variance (continued) 
 
 
 
Maximum Mean Monthly 
Rainfall (mm) (1990-2009)
Minimum Mean Monthly 
Rainfall (mm) (1990-2009)
St. Lucia 343.8 78.6 265.2
St. Vincent and the Grenadines 220.4 41.2 179.2
Swaziland 140.4 7.5 132.9
Sweden 78.7 33 45.7
Switzerland 167 91.2 75.8
Syrian Arab Republic 53.5 0.5 53
Tajikistan 70.1 2.4 67.7
Tanzania 188.5 8.3 180.2
Thailand 275.4 16.7 258.7
Togo 197.1 2.6 194.5
Tonga 258 93.5 164.5
Trinidad and Tobago 224.7 39.1 185.6
Tunisia 34 3.6 30.4
Turkey 85.5 13.5 72
Turkmenistan 25.8 1.8 24
Turks and Caicos Islands 222.2 61 161.2
Tuvalu 349.9 193.7 156.2
Uganda 149.2 40 109.2
Ukraine 66.6 32.7 33.9
United Arab Emirates 16.9 0.8 16.1
United Kingdom 142.6 72.6 70
United States 68.4 42.7 25.7
Uruguay 164 72.8 91.2
Uzbekistan 30.8 2.1 28.7
Vanuatu 335.3 132.1 203.2
Venezuela, RB 305.6 46.1 259.5
Vietnam 280.1 23.3 256.8
Virgin Islands (U.S.) 240 58.9 181.1
Yemen, Rep. 25.5 7.1 18.4
Zambia 223 0.1 222.9
Zimbabwe 154.5 2.1 152.4
Country Name
Mean Monthly Rainfall (mm) (1990-2009)
Difference of Max and Min 
(1990-2009)
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A8 Frequency of Key topics in water security researches 
■ Characteristics of water management 
 
 
 
Year
Inequality
/Inequity
Equality
/Equity
Vulnerability Uncertainty Variability Availability Accessibility Intensity Stability Sustainability Total
1994 0 0 0 0 0 1 0 0 0 0 1
1995 0 1 0 0 0 0 0 0 0 0 1
1996 0 1 0 0 0 0 0 0 0 1 2
1997 0 0 0 1 0 0 0 0 0 0 1
1998 0 0 0 0 0 0 0 0 0 0 0
1999 0 0 0 0 0 0 0 0 0 0 0
2000 0 1 0 0 0 0 0 0 0 1 2
2001 0 1 0 0 0 5 0 0 0 4 10
2002 0 1 0 0 1 3 0 0 0 3 8
2003 0 0 0 1 1 5 1 1 3 9 21
2004 0 0 0 0 0 3 0 1 1 8 13
2005 0 1 2 2 1 6 2 0 0 10 24
2006 0 1 5 2 1 8 0 0 0 7 24
2007 2 1 5 2 3 12 0 1 0 10 36
2008 3 8 5 1 7 8 1 3 2 11 49
2009 0 2 5 1 2 6 0 3 3 17 39
2010 0 0 5 2 7 12 4 1 1 9 41
2011 2 3 8 6 6 12 3 4 0 16 60
2012 1 3 7 7 8 16 0 3 3 24 72
2013 1 5 21 18 28 21 5 4 4 40 147
Total 9 29 63 43 65 118 16 21 17 170 551
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A8 Frequency of Key topics in water security researches 
■ Potential threats 
 
Year Poverty
Water 
pollution
Population
growth
Climate 
change
Flood Drought
1994 0 0 0 0 0 1
1995 0 0 0 0 0 0
1996 0 0 1 0 0 0
1997 1 0 0 0 0 0
1998 0 2 2 0 1 1
1999 0 0 1 0 0 1
2000 0 0 0 0 0 1
2001 0 0 1 0 0 2
2002 2 3 2 1 1 1
2003 6 2 2 1 1 3
2004 2 1 3 2 0 2
2005 3 7 0 1 1 2
2006 3 7 1 3 0 2
2007 7 2 1 9 3 2
2008 6 7 2 16 2 6
2009 8 4 8 26 5 3
2010 3 5 5 24 4 5
2011 6 8 5 41 5 12
2012 11 9 7 30 7 11
2013 9 19 14 71 13 21
Total 67 76 55 225 43 76
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A9 Tag cloud diagram of key expressions in water security related publications 
■ Two words expressions 
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■ One word expressions 
 
